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ABSTRACT 
 Infants’ characteristics, including temperament and cognitive ability, contribute to 
individual differences in language development. However, the process through which 
such traits influence language learning remains unclear. One possibility is that 
temperament and cognitive capacities affect the way in which infants learn words by 
influencing their ability to successfully use contextual referential cues. Social cues, such 
as eyegaze, pointing and gesturing, and emotional expressions, are one important type of 
referential cue. The present study explored the role of such social cues in the relation 
between infant characteristics and vocabulary in 71 18-month-olds. It was hypothesized 
that infants’ characteristics would be associated with both their vocabulary and their use 
of such social cues, and that social cue use would be related to overall vocabulary. 
Further, it was predicted that infants’ ability to use social cues effectively would mediate 
the relation between infants’ temperament and cognitive ability, and their vocabulary.  
 Participants watched six word-learning videos on a Tobii 1760 Eyetracker. In 
each video, a speaker labeled a novel object using one social referential cue. Infants’ 
ability to use that cue to learn the object label was assessed by tracking the time spent 
looking toward the target object. Infants’ cognitive and language abilities were assessed 
 vii 
using the Bayley Scales of Infant and Toddler Development, 3
rd
 edition. Both parents and 
observers provided ratings of child temperament, and parents also completed the 
MacArthur-Bates Communicative Development Inventory: Words and Sentences form. 
 Both correlation and bias-corrected bootstrap mediation analyses were conducted. 
Temperament did not make a unique contribution to infants’ vocabulary, but both 
cognitive ability and social cue use did. Mediation analyses indicated that social cue use 
did mediate the relation between early cognitive ability and vocabulary, but only for 
infants with lower than average cognitive ability. These results indicate that social cues 
may be especially important for language development in infants and young children with 
low IQ, possibly because they provide additional supports for word learning. This has 
important implications for both typically developing infants as well as young children 
with language disorders. 
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CHAPTER ONE: Introduction 
 Since Quine (1960) first identified the problem of reference, language 
development theorists have argued over infants’ solution to this conundrum. How do 
infants decide what a word means when there are multiple referents, including objects, 
actions, and environments, for which they have no labels? Some theorists have appealed 
to in-born rules that constrain the workspace for word learning (Markman, 1990), while 
others have suggested that infants simply use “dumb attentional mechanisms,” tracking 
the frequency with which words and objects appear together and mapping words onto the 
most salient, most frequently co-occurring object (Smith, 1995). Finally, other theorists 
have denied the problem altogether—claiming instead that infants use social pragmatic 
skills to determine the intended referent from the speaker, rather than from the 
environment (Carpenter, Nagell, & Tomasello, 1998). Most of the research supporting 
these theories, like much cognitive developmental research, has focused on group 
differences. Although this research has indicated that most infants are able to rapidly and 
easily learn the meanings of new words by 18 months of age, there is wide variation in 
this ability. Recent research has begun to focus on individual differences, acknowledging 
their importance in detecting underlying mechanisms and predicting future outcomes 
(Kosslyn et al., 2002), but the processes by which diverse factors create individual 
differences in language outcomes remain largely unstudied. 
 The goal of the current study was to fill this gap in the literature by examining 1) 
individual differences in infant characteristics and their relation to early vocabulary; 2) 
how infants’ attention to contextual cues aids their word learning; and 3) a mechanism for 
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how these traits and skills come together in language development, namely that 
underlying infant characteristics affect the processes of word learning by determining 
how well infants attend to various contextual cues to word meaning.  
 Early word learning is a key indicator of overall language development, providing 
a first step in the growth of infants’ vocabularies. Early language comprehension predicts, 
and may form a basis for, later productive language (Benedict, 1979), and predicts both 
verbal and nonverbal cognitive abilities up to eight years of age (Marchman & Fernald, 
2008). Further, deficits in language comprehension often predict problems in non-
linguistic cognitive abilities, such as imitation and planning (Bates, 1993). Thus, a more 
complete understanding of how infants begin to learn words, and the processes through 
which individual differences in this domain emerge, could have far-reaching 
consequences for the field of infant development. 
Theories of Early Word Learning 
 Dozens of studies, almost all of which have focused on learning nouns that label 
objects, have attempted to solve the puzzle of early language development, and have 
spawned several competing theories that seek to describe how infants approach the 
problem of word learning. All of these theories, including constraints theory, 
associationist theory, and social-pragmatic theory, have garnered both empirical evidence 
and the support of major theorists in the field. Consequently the debate over how infants 
determine the meanings of words is far from resolved. 
 Constraints theory. Ellen Markman first proposed a unified constraints theory in 
1990, in part to explain the phenomenon of “fast mapping,” through which even two-
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year-olds can learn the meaning of a new word after only hearing it once, and can 
remember that word-object pairing for as long as a week (Carey, 1978; Heibeck & 
Markman, 1987). The constraints hypothesis proposes that infants cannot possibly 
consider all possible referents for a new word, and thus suggests inductive reasoning and 
inborn “constraints” or biases as two possible ways in which infants could narrow the 
number of possible meanings for a word. Through inductive reasoning, infants could 
form a hypothesis based on a prototypic exemplar. Any further positive evidence would 
reinforce the infant’s hypothesis, but inconsistent evidence would cause the infant to 
reformulate his theory. Although this could account for the way in which infants learn 
words, we know that six-year-olds have difficulty theorizing and recalculating in this 
manner, yet even at 18 months of age, infants are voracious word learners (Markman, 
1990). Thus, the constraints theory posits that a more likely explanation is that there are 
pre-programmed assumptions, or constraints in word learning that make us particularly 
adept language learners (see Woodward & Markman, 1998, for a review). One example 
is the mutual exclusivity constraint, which assumes, based on infants’ early understanding 
of categories, that each object belongs to only one category, and therefore has only one 
category label. Thus, when infants hear a novel word, they believe that it applies to an 
object for which they do not yet have a label. A second, complementary, constraint is the 
whole object assumption. This states that infants assume that a new word refers to a 
whole object, and not to its parts, substance, shape, or other characteristics. Together, 
these constraints form a powerful bias in early word learning, called the disambiguation 
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effect, by which infants apply novel words to whole objects for which they do not have 
labels. 
 This disambiguation effect is one of the most established phenomena in the word 
learning literature, having been confirmed in numerous studies over the past 25 years (see 
Woodward, 2000 for a review). For example, Markman and colleagues (2003) found that 
infants between 15 and 20 months of age were less likely to select a familiar object and 
more likely to search for a novel object upon hearing a novel word. Further, 18-20 month 
old infants were more likely to search for a novel object even when they were already 
playing with a familiar object, indicating that they could use mutual exclusivity even in 
tasks with strong inhibitory demands (Markman, Wasow, & Hansen, 2003). In fact, 
recent research has indicated that 30–month-olds will disregard pragmatic cues and rely 
on mutual exclusivity when faced with a disambiguation task (Jaswal, 2010; but see 
Grassmann & Tomasello, 2010 for alternative explanation). 
 Associationist theory. The constraints theory of early word learning represents 
the predominant and most explored view in the literature; however, other theorists have 
argued that inborn or early appearing constraints are not necessary for the task of word 
learning. The associationist theory of word learning, for example, argues that constraints 
do not provide the most parsimonious model of word learning, and that in fact, 
constraints theory has several flaws. The associationist hypothesis states that word 
learning is guided by dumb, or reflexive, attentional processes, and that infants simply 
attend to the most salient features of the environment in order to learn and generalize the 
labels for the objects that surround them (Smith, Jones, & Landau, 1996). Such 
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associative learning is well-documented in psychology research, and according to these 
theorists provides the building blocks for language learning. These theorists recognize the 
importance of more voluntary and deliberative attentional control in later language 
development, but believe that non-strategic, automatic selective attention can explain the 
start of the word learning process (Smith et al., 1996). In fact, they argue that mutual 
exclusivity itself may simply reflect cue competition in the associative process (Smith, 
Colunga, & Yoshida, 2010). Cues that are probabilistically associated with a stimulus 
bias attention in systematic ways; however, such predictive cues may act to inhibit one 
another, so that once an association is made between a cue and a stimulus, it is difficult to 
form a new association for that stimulus. One such interaction between cues is called 
“highlighting.” This occurs when a person first learns a relation between a set of cues and 
one outcome (e.g., X + Y = Z). If a combination of those previous cues and new ones are 
subsequently seen to predict a new outcome (A + Y = B), the learner will focus only on 
the new predictive cues (i.e., A, in the example). Words may act as cues in this way, 
enabling infants to attend to the relevant objects or features in labeling events, but also 
inhibiting them from forming associations between an already learned word and a new 
object, thus explaining away the need for a specific constraint, such as mutual exclusivity 
(Smith et al., 2010).  
 There is some evidence to support associationist claims, much of which comes 
from computational models of cross-situational statistical learning. Such models provide 
input in which there are multiple words and referents, and depend on the distributional 
statistics of words, objects, and their co-occurrence to form word-to-world mappings. 
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Several such simulations have indicated that it is theoretically possible for infants to learn 
multiple word-object pairings across several ambiguous trials. That is, infants are not 
simply tracking how often a dog occurs when the word DOG is said, rather they are 
tracking how often a dog occurs with DOG, BALL, RUN, and others, and how often 
DOG occurs with dogs, cats, parks, or balls. In this way, infants create a system of 
associations allowing for rapid word learning with no need to rely on complex constraints 
(Siskind, 1996; Smith & Yu, 2008; Yu, 2008; Yu, Ballard, & Aslin, 2005). Infants at 12 
and 14 months of age have been shown to form such associations. After viewing word-
object pairs across several trials, which were ambiguous in terms of word meaning in 
themselves, but were consistent across trials; infants of both ages looked longer at target 
objects than distractor objects, indicating that they had learned the word-object pairings 
based on their cross-trial consistency (Smith & Yu, 2008). 
 Recently, some associationist theorists have extended such cross-situational 
statistical models to include other sources of information. For instance, McMurray and 
colleagues (2012) have pointed out that, although the constraints theory provides an 
adequate answer to Quine’s conundrum of referential ambiguity, it does not address 
familiar word recognition, which also gets better with age (McMurray, Horst, & 
Samuelson, 2012). In response to this limitation, these researchers have proposed a 
complex associative learning account that attempts to explain language use, rather than 
simply novel word learning. Such a dynamic competition model takes into account both 
competition between cues and changes over time, allowing the use of the same basic 
associative learning processes, while at the same time allowing sources of information to 
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change from simple co-occurrence to more complex constraints based on earlier learning 
or social inferences, as the infant becomes more sophisticated (McMurray et al., 2012). A 
computational model based on this account was able to “learn” words when referential 
ambiguity was high; demonstrated differences in receptive and expressive vocabulary; 
showed faster processing of familiar words over time; and was able to account for 
individual differences; in essence, capturing the empirical findings of research in a wide 
variety of word learning domains (McMurray et al., 2012). These results indicate that 
associative processes may indeed play an important role in word learning, but other 
theorists, such as social pragmatic theorists, maintain that they are just a small piece of 
the puzzle. 
 Social-pragmatic theory. Social-pragmatic theories approach the problem of 
word learning from a different starting point than either constraints or associationist 
theories. These theories suggest that infants do not attempt to map words onto possible 
referents, but rather that they attempt to identify the communicative intentions of a 
speaker (Tomasello, 2000). Further, infants learn new words through imitation, not just of 
the word itself, but of the joint attentional interaction they have previously experienced. 
The infant must imitate the word, as well as the other person’s intention of drawing 
attention towards the referent of that word (Tomasello, 2000). 
 This, according to social pragmatic theorists, is the only way to account for the 
wide variety of circumstances in which infants learn words: the innumerable 
environments in which they hear a word spoken, people from whom they hear those 
novel words, and utterances in which novel words are embedded. Several studies have 
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indicated that infants do, in fact, take a speaker’s communicative intention into account 
when determining the meaning of a new word (Baldwin, 1993; Baldwin & Moses, 2001; 
Diesendruck, Markson, Akhtar, & Reudor, 2004; Grassman, Stracke, & Tomasello, 
2009). Recent research by Grassmann and colleagues, for example, has indicated that 2-
year-olds will apply a novel label to a novel object only when it is novel for the speaker. 
For example, if the experimenter and infant have previously played with an object, and 
the experimenter then says, “Look, it’s a blicket!”, the infant will search for another 
object or a salient part upon hearing the novel label, even though the object itself had not 
been labeled previously (Grassmann, Stracke, & Tomasello, 2009).  
 Computational models that include representations of a speaker’s intentions are 
also highly successful in learning words and in predicting behaviors like fast mapping, or 
one-trial learning (Frank, Goodman, & Tenenbaum, 2009). Finally, studies of children 
with Autism Spectrum Disorders (ASD) provide further evidence for the importance of 
social-pragmatic information in word learning. Although children with ASD can use 
mutual exclusivity to learn the meanings of new words despite their social-pragmatic 
difficulties (de Marchena, Eigsti, Worek, Ono, & Snedeker, 2011), they only seem to use 
social cues when they serve to draw attention, and are supported by other perceptual 
information (Parish-Morris et al., 2007). For instance, children with ASD can learn novel 
words when social cues coincide with other perceptual cues (e.g., object salience), but 
they do not perform as well as mental-age and linguistic-age matched typically 
developing children when word learning requires an understanding of the speaker’s 
intent. Further, performance on such intention-understanding tasks is a significant 
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predictor of overall vocabulary for ASD children (Parish-Morris et al., 2007) Taken 
together, these findings provide evidence for the importance of social-pragmatic cues in 
infants’ word learning, and indicate that inferring a speaker’s communicative intent may 
be a critical factor in determining the meaning of a novel word. 
 Emergentist coalition theory. Although these theories seem at odds with one 
another, they could simply explain word learning at different points in development. 
Hollich and colleagues have proposed just this in their emergentist coalition theory that 
claims that “lexical development is the product of intricate, epigenetic interactions 
between multiple factors” (Hollich et al., 2000, p. 17). The emergentist coalition 
approach states that infants are sensitive to multiple types of cues in word learning, and 
that they weigh different cues differently as they go from novice to expert word learners. 
Further, infants determine which cues are most effective through “guided distributional 
learning.” Infants attend to relevant cues, such as eye gaze, throughout the word learning 
process, making their learning directed from the outset. However, they need to discover 
through experience which cues will enable them to be most successful in the task of word 
learning (Hollich et al., 2000). In so doing, infants’ theories of language learning become 
more complex and mature.  
 This theory has been supported by studies using the interactive intermodal 
preferential looking paradigm (Hollich, Hirsh-Pasek, & Golinkoff, 1998). In this 
paradigm, an infant is presented with two toys and is allowed to manipulate them for 
several seconds. Then an experimenter labels one of the toys. Finally, both toys are 
presented to the infant and the experimenter, now hidden, requests the previously labeled 
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toy. When one of the toys presented is perceptually salient and the other is boring, 12-
month-olds disregard social cues to word meaning, and look longer at the perceptually 
salient object, no matter which object has been labeled by the experimenter. This is not 
true for 19- or 24-month-olds. Infants in these older age groups follow the experimenter’s 
eye gaze and look longer at the labeled object, whether it is the boring or perceptually 
salient one, although this ability is fragile in 19-month-olds (Hollich et al., 2000). Thus, it 
seems that infants may be sensitive to several types of cues in early word learning, and 
that their dependence on different types of cues may change over development. 
 Summary. All of these theories seek to explain how infants learn word meanings. 
Although the mechanisms that have been proposed by each theory differ, all recognize 
the incredible nature of early word learning, that is, of going from no understanding of 
language at all to learning several hundred words by age three. These theories also agree 
that the use of a variety of cues is necessary in order to determine the meanings of new 
words. Recent research has indicated that infants do, in fact, attend to several types of 
cues when learning new words. Whether those cues simply direct infants’ attention 
towards salient environmental features, strengthen infants’ inborn assumptions about how 
words map onto the world, or signal the communicative intent of the speaker, however, 
depends on one’s theoretical background. Regardless of how infants use the cues to word 
meaning at their disposal, however, it is clear that they are an integral part of their early 
word learning strategies. 
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Mechanisms of Early Word Learning: Cues to Word Meaning 
 The process of word learning is extremely complex. Infants are faced with 
unfamiliar speech sounds and an environment which provides them with a seemingly 
infinite number of possible referents on which to map those sounds, as well as a wide 
variety of communicative partners from whom those sounds emanate. It is no wonder, 
then, that word learning begins as a slow process—frustratingly so for infants and 
mothers alike (Goodwyn, Acredolo, & Brown, 2000). However, during their second year, 
infants are able to employ several types of cues, including perceptual, social, and 
syntactic, from their conversational partners and the environment in order to determine 
the meanings of new words (Hall & Waxman, 2004; Hollich et al., 2000).  
 Perceptual cues. Perceptual cues, such as movement, sound, and general 
perceptual salience all act to focus infants’ attention on specific objects. These cues are 
especially helpful in word learning when they are provided in temporal synchrony, such 
as when a mother of an infant labels and shakes an object at the same time. This 
synchrony provides redundant information, which allows infants to detect the arbitrary 
relations between words and objects (Gogate & Bahrick, 1998; Matatyaho & Gogate, 
2008).   Perceptual cues are most important for preverbal infants. When objects are 
moved in synchrony with simple speech sounds, 7-month-old infants are able to learn the 
sound-object pairing (Gogate & Bahrick, 1998). Further, mothers of preverbal infants 
engage in more synchronous naming than mothers of toddlers, and this type of labeling 
predicts learning of object labels in 6 to 8 month olds (Gogate et al., 2006; Matatyaho & 
Gogate, 2008). On the other hand, by 24 months of age, infants learn object labels based 
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on the direction of an adult’s eye gaze, even when perceptual salience conflicts with that 
social cue (Moore, Angelopoulos, & Bennett, 1999). Thus, although perceptual cues are 
critical in learning word-object relations in the first year of life, and may continue to be 
important in extending words to new exemplars (e.g., the shape bias), they lose 
importance in novel word learning during the course of the second year.  
 Social cues. As the importance of perceptual cues declines, social cues, such as 
eye gaze and gestures, begin to take precedence in the process of word learning. These 
cues signify the intent of the speaker, a key component of communicative symbols—like 
words (see Akhtar & Tomasello, 2000). Further, because the average human infant is 
immersed in a social world from birth, these cues are noticed and attended to before word 
learning even begins. For instance, infants between three and six months of age will 
follow an adult’s gaze (D’Entremont, Hains, & Muir, 1997), and seem to understand that 
gaze reflects a person’s mental state by nine months (Meltzoff & Brooks, 2007). Five-
month-olds can match emotional facial expressions with appropriate emotional language, 
indicating that the ability to match others’ emotions across modalities appears early in 
development (see Walker-Andrews, 1997). Using these cues to learn words, however, is a 
more complex skill that develops as infants begin to make word-world mappings (Hollich 
et al., 2000). 
 As a result of infants developing skills in reading social cues, by their second year 
of life, infants can use a variety of social cues from others to aid in the process of word 
learning (Tomasello, 2001). Infants attend to gaze direction, bids for joint attention, 
gestures, and emotional expressions, and can employ these cues to determine the 
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meanings of words by 18 months. At 10 months of age, for example, infants understand 
the importance of eyes and of the link between visual access and attention. They will 
follow the gaze of an experimenter with open eyes significantly more often than that of 
an experimenter with closed eyes (Brooks & Meltzoff, 2005). They also understand the 
referential intent of eye gaze by approximately 18 months, using gaze, but not other 
salience cues, to map words to objects (Baldwin, 1993). Further, infants who follow an 
adult’s gaze and visually inspect the target object for longer periods of time show 
accelerated vocabulary growth throughout their second year (Brooks & Meltzoff, 2009). 
More advanced gaze following, in the process of joint attention, has also been linked to 
language development. Joint attention involves not only following another’s gaze, but 
coordinating attention with that person in order to infer referential and communicative 
intent (Mundy & Gomes, 1998). Several empirical studies have indicated that infants can 
learn the meanings of novel words when adults signal joint attentional bids by alternating 
gaze between the infant and an object (see Baldwin, 1995 for a review).  
 The activity included in joint attention episodes may include both deictic and 
iconic gestures. Such gestures support learning in general, and language learning in 
particular (Goldin-Meadow, 2009). Infants’ gestures aid in word learning by alerting 
parents and others to objects for which a word should be supplied, and by allowing 
infants to express more complex ideas than they are able to convey verbally (Goldin-
Meadow, 2009). More importantly, for the current study, infants’ ability to infer the 
communicative intent of gestures is linked to their social word learning abilities (Murphy, 
1978; Pan, Rowe, Singer, & Snow, 2005). By 14 months of age, infants understand 
14 
 
pointing as conveying referential information (Behne, Carpenter, & Tomasello, 2005), 
and will map both iconic and arbitrary gestures to objects (Namy, Campbell, & 
Tomasello, 2004). Further, Acredolo and Goodwyn (1985, 2000) have indicated with a 
variety of cross-sectional and longitudinal studies that symbolic gestures, in the form of 
“Baby Signs,” facilitate language development. Infants whose parents were asked to 
encourage symbolic gestures by performing them themselves showed advantages in 
receptive vocabulary throughout their second year (Goodwyn, Acredolo, & Brown, 
2000). More recently, however, these findings have been disputed (Kirk, Howlett, Pine, 
& Fletcher, 2012). 
 Finally, even when such direct social cues are absent or uninformative, infants can 
use other, more complex pragmatic, or social-communicative, cues to determine the 
referent of a novel word. For instance, 18- and 24-month-olds can learn a label for a 
novel object from an experimenter’s emotional expression alone (Tomasello & Barton, 
1994; Tomasello, Strosberg, & Akhtar, 1995). In one study, an experimenter stated her 
intention to look for an object, and then looked in a series of buckets, pulling out a novel 
object from each one and either rejecting it or accepting it with vocal and facial 
expressions of emotion, but without repeating the object label. Infants learned the label 
when the experimenter found the target object immediately, as would be expected based 
on the recency with which they had heard the label. More importantly, though, they 
learned the name equally well when the object was randomly found in one of the 
subsequent buckets, indicating that they used the experimenter’s emotional reaction to 
link it to the word (Tomasello & Barton, 1994). Such social-pragmatic cues remain 
15 
 
important sources of information about word meanings even for adults, but, as infants 
become more adept language users, more complex cues become available to them. 
 Syntactic cues. Around age two, infants begin to use syntactic cues from a 
speaker’s sentence (e.g., a word’s form class or the structure of the sentence itself) to 
determine the referent of a new word. They can use such cues to distinguish between 
common nouns and proper nouns, although they will generally only apply proper names 
to appropriate objects, like dolls or animals, and not inappropriate ones, like blocks or 
balls (Gelman & Taylor, 1984; Hall, Lee, & Belanger, 2001). For example, Hall and 
colleagues presented infants with a toy bear, and labeled it using either a proper name 
(e.g., “This is Zav.”), or a count noun (e.g., “This is a zav.”). Then, a second, identical 
bear was produced and infants were asked “Where is Zav?” or “Where is a zav?” By 24 
months of age, girls were able to appropriately select only the labeled object in the proper 
name condition, or randomly select between the objects in the count noun condition. 
Three-year-olds of both genders were nearly perfect on this task. 
 Infants can also use the syntactic structures of sentences to learn verbs, which are 
generally more difficult for English-speaking infants to learn than nouns. At 24 months 
old, infants can determine the meaning of a new verb and generalize it to new situations 
if that verb is first presented in a semantically rich context (Arunachalam & Waxman, 
2011). In addition, when presented with a novel verb and videos of two different novel 
actions, infants around this age look longer at an event with a protagonist and object if 
the verb was presented in a transitive sentence (“The duck is gorping the bunny.”), and 
look longer at an event with no object if the verb was presented in an intransitive 
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sentence (“The duck and the bunny are gorping.”; Naigles, 1990). In fact, 27–month-olds 
can use the transitive or intransitive nature of a sentence to map a novel verb onto an 
appropriate action, even when they hear the verb in the absence of an event 
(Arunachalam & Waxman, 2010).   
 Finally, infants also begin to understand adjectives as referring to object 
properties as they approach age two. When presented with three objects from the same 
category and told that one is “blickish,” 21-month-old infants will select another object 
that matches the exemplar in a property such as color or texture when asked to “find 
another blickish one.” However, this ability seems to be emerging at this age, as infants 
do not choose the target object at above-chance levels when the objects are from different 
categories (Waxman & Markow, 1998). Moreover, although younger infants tend to fail 
the types of tasks described above, at both 14 and 18 months of age infants demonstrate 
the beginnings of an understanding of these cues. For instance, they categorize objects 
labeled with count nouns differently from objects labeled with adjectives, but they do not 
seem to have a distinct idea for mapping adjectives to meaning (Booth & Waxman, 2009; 
Waxman & Booth, 2001). 
 Summary. As described by the emergentist coalition theory, it seems that infants 
have a variety of cues to word meaning at their disposal. Such cues allow infants to focus 
on the appropriate aspects of their environment or the intentions of the speaker when they 
hear a new word, matching objects to labels and even actions to verb phrases. Thus, such 
cues provide the basis for word learning; however, research on these cues to word 
meaning have focused largely on infants’ average levels of performance, and ignore the 
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wide variation in word learning that has been noted in infancy and early childhood 
(Fenson et al., 1994). Recent research has indicated that several environmental and 
internal factors predict individual differences in vocabulary and communicative skills, 
indicating that it may be more than simply these cues in and of themselves that affect an 
infant’s language development. 
Individual Differences in Language Development 
 Within the past twenty years, theorists have acknowledged that individual 
variation in normal language development reflects more than differences in physical 
maturation or simple measurement error (Bates, Dale, & Thal, 1995). Early word 
learning, a specific, significant aspect of language development, may be particularly 
prone to individual variation, because both the rate of acquisition and the types of words 
learned can differ between individual infants. In fact, data from the MacArthur 
Communicative Development Inventories norming studies indicates a wide range of word 
comprehension in infancy, ranging from 0 to 144 words at 10 months and from 78 to 303 
words at 16 months. In addition, early word learning may be influenced by a number of 
both endogenous and exogenous factors, making individual differences both complex and 
informative. For instance, not only has variation in receptive vocabulary been shown to 
be stable over time, but it predicts later comprehension, even when age, gender, and 
family and SES variables are controlled, thereby indicating its developmental 
significance (Bates et al., 1995). Several studies have attempted to address possible 
correlates and causes of these lasting individual differences.  Much empirical research 
has suggested that they stem, at least in part, from environmental factors, such as 
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maternal input. For instance, both the quantity and quality of maternal speech play a 
direct role in infants’ vocabulary development (Hart & Risley, 1995; Hart, 2004; Hoff, 
2003; Huttonlocher, Haight, Bryk, Seltzer, & Lyons, 1991), and maternal responsiveness 
is associated with the achievement of early language milestones (Tamis-LeMonda, 
Bornstein, & Baumwell, 2001). Further, twin analyses have found that much of the 
variation in early vocabulary development is due to shared environmental factors (Dale et 
al., 2000; Price et al., 2000). One such environmental influence that serves to make 
children in the same family similar to one another could be parental behavior. Despite 
this well-documented role of external factors on language development, research is just 
beginning to clarify the importance of child characteristics, such as temperament or 
cognitive ability.  
 Temperament. Infants’ temperament, that is, their behavioral style, may be a 
good candidate to explain some of the individual differences in word learning. In the 
context of language development, one of the most commonly-assessed aspects of 
temperament is attention. Because natural word-learning environments are often fraught 
with distractions, both attentional focusing and allocation of attention may play important 
roles in word learning. When presented with environmental distraction, two-year-olds 
with high attentional focusing learn words in a fast-mapping task better than their peers 
with low attentional focusing (Dixon, Salley, & Clements, 2006). Moreover, infants who 
have trouble allocating attention to a word-learning task when faced with distraction do 
not learn the words well. This result holds across two different types of distraction, 
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indicating that it is the infant’s attention, and not the context, that interferes with learning 
(Dixon & Salley, 2007).  
 More comprehensive studies of the relation between temperament and language 
development have found links between positive temperamental traits and receptive 
vocabulary. Children rated as high in positive affectivity, that is, who demonstrated 
happy mood through smiling/laughing and friendliness, had larger receptive vocabularies 
at 13 months of age than children who scored lower on this temperament trait (Dixon & 
Smith, 2000). Similarly, high levels of affect/extraversion at age two predict advanced 
language skills into middle childhood (Slomkowski, Nelson, Dunn, & Plomin, 1992). 
These findings indicate that positive affect may enable more rapid language development, 
possibly by affecting how others interact with the child. 
 Cognitive ability. In addition to temperament, cognitive ability contributes to 
individual differences in word learning. Scores on the Mental Development Index (MDI) 
of the Bayley Scales of Infant Development at 4, 8, 12, and 18 months of age have been 
found to be predictive of both language comprehension and expression at two years of 
age (Siegel, 1981). Further, MDI scores at 2 years of age are related to preschool 
language ability, assessed through the Stanford-Binet Verbal Reasoning scale (Molfese & 
Acheson, 1997) as well as the Peabody Picture Vocabulary Test-III (Blaga et al., 2009). 
 In addition to general cognitive ability, several specific cognitive factors seem to 
play a role in early language development. One skill that has been studied extensively in 
its relation to language development is processing speed. Speed of processing, which 
provides an indication of how efficiently one can retrieve learned information, increases 
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for spoken language over the course of the second year (Fernald et al., 1998). Although 
its exact nature is unclear, there is a relation between speech processing efficiency and 
vocabulary growth. Infants who showed faster speech processing at two years of age had 
displayed the greatest growth in vocabulary size across the previous year (Fernald, 
Perfors, & Marchman, 2006). Research on speech processing thus far has not identified 
the causal mechanism of this relation, but one possibility is that infants who are faster to 
process speech and encode what they hear in relation to the context do so because they 
have better lexical representations. This allows them to more easily determine the 
meaning of new words as well as track and take advantage of linguistic cues (Fernald et 
al., 2006; Marchman & Fernald, 2008). For instance, by 24 months of age, infants 
interpret spoken language incrementally, in much the same way adults do, using 
information such as phonetic cues and verb properties to predict upcoming nouns on the 
basis of the visual context (Swingley, Pinto, & Fernald, 1999; Thorpe & Fernald, 2006; 
Yuan, Fisher, Kandhadai, & Fernald, 2011). If an infant has robust lexical 
representations, they are likely able to process familiar words more quickly, which allows 
them more time to focus on novel words and integrate those words into the linguistic and 
visual context, thus leading to increased learning. This capacity, along with working 
memory, which has been difficult to study in infants but is related to word learning in 
older children (Gathercole, Hitch, Service, & Martin, 1997), provides strong evidence for 
the role of specific cognitive abilities in word learning.  
 Summary. This research provides important first steps to understanding the 
mechanisms that underlie infants’ ability to rapidly learn words in their second year. 
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However, the development of language comprehension and word learning capacities is 
not a singular process, and these studies provide little indication of the manner in which 
temperament and cognitive abilities may affect early word learning. One possibility is 
that they affect the process of language development by influencing infants’ ability to use 
cues to learn new words, thus indirectly influencing both receptive and expressive 
vocabulary. 
Infant Characteristics, Cues to Word Meaning, and Language Ability: A Mediation 
Model 
 The notion that temperament and cognitive abilities may influence language 
development via their influence on infants’ use of word learning cues implies a 
mediational process. That is, the process by which a mediating variable, for example, a 
biological process, trait, or cognitive skill, transmits the effect of a causal variable onto 
an outcome variable. This could be the case if, for instance, an infant’s sociability makes 
them better able to read social cues, or if increased attentional focusing enabled an infant 
to make better use of perceptual cues. Either of these relations could then, in turn, 
accelerate vocabulary growth. Mediation is important because it can indicate the 
mechanism underlying the relation between a variable and an outcome (MacKinnon, 
Fairchild, & Fritz, 2007). Most cognitive developmental research, however, has not 
examined possible mediating variables. In fact, only recently have studies begun to 
examine the question of how infant characteristics may affect early language 
development. Much of the research in this area has focused on infants’ attention to social 
cues, as use of these cues is well established in the literature, and applies to an array of 
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learning, not simply language. However, these studies have measured infants’ general 
attention to social cues, such as following an adult’s head turn, and have not looked at 
their ability to use such social cues in word learning situations specifically. Because 
using social cues in the service of word learning is a far more complex skill than simply 
reading social cues, these studies have fallen short as studies of the mechanisms 
underlying word learning.  
 A few studies have looked at the association between infant characteristics (e.g., 
temperament, cognitive ability), social cue use, and language development, although they 
have not taken an integrated approach. These studies suggest that important variations 
exist in infant characteristics which predict individual differences in both joint attention 
skills and language outcomes. Further, such studies have indicated that individual 
differences in infant characteristics and joint attention skills predict language outcomes. 
For instance, the temperament dimension of duration of orienting was positively 
associated with joint attentional capacities at six months of age, and both duration of 
orienting and joint attention independently predicted infants’ receptive language at 12 
months (Morales, Mundy, Delgado, Yale, Neal, & Schwartz, 2000). Response to 
pointing, gaze shifts, and other joint attentional bids at 12 months has been associated 
with both language measures and mental age, assessed using the Bayley Scales of Infant 
Development – II, at 24 months (Markus, Mundy, Morales, Delgado, & Yale, 2000). 
Finally, general cognitive ability has been associated with infants’ ability to engage in 
joint attention when the target object is outside their visual field, and both of these skills 
are independently related to expressive and receptive language capacities (Delgado, 
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Mundy, Crowson, Markus, Yale, & Schwartz, 2002). However, these studies have looked 
only at the bivariate relations between two capacities; that is, they examine only whether 
child characteristics are related to language or whether child characteristics are related to 
joint attention. They do not explain how those relations may fit together or the 
mechanisms that drive the associations.  
 Thus, although it is tempting to interpret these findings as indications that infant 
characteristics influence social cues, which thereby influence language development, this 
research does not provide an appropriate test of this hypothesis. For instance, the results 
of Delgado and colleagues (2002) could mean that cognitive ability influences an infant’s 
ability to respond to joint attention, and that it is through this relation that cognitive 
ability influences language development. However, these findings simply show that 
infant characteristics, such as cognitive ability, are associated with both social cue use, 
such as joint attention, and language development; they do not inform about possible 
indirect effects of cognitive ability through social cue use or mediational processes. 
 Mediation analyses can address this question of indirect effects. The literature 
examining possible mediating effects between temperament and language is scant, but 
recent research in other areas indicates the potential of mediation analyses to further our 
understanding of developmental processes. For instance, attention/persistence has been 
shown to mediate the effect of cognitive flexibility on school readiness (Vitiello, 
Greenfield, Munis, & George, 2011), meaning that the effect of cognitive flexibility on 
school readiness can be at least partially explained by the influence of cognitive 
flexibility on attention/persistence behaviors in learning, which then affect school 
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readiness. Further, the association between theory of mind and academic achievement is 
mediated by sensitivity to criticism (Lecce, Caputi, & Hughes, 2011), such that children 
with advanced theory of mind understanding perform better in the face of criticism, and 
their ability to handle and understand such criticism leads to higher academic 
achievement. Because mediation assesses indirect effects, these studies indicate more 
than a simple relation between school success and specific characteristics; they tell us 
how such characteristics influence school success. Thus, these findings add to our 
understanding of the mechanisms underlying academic achievement and provide points 
of entry for new interventions and research. Such results and implications are equally 
critical for other areas of cognitive development, such as language learning. 
 To date, though, only two studies have examined a possible mediating relation 
between infant characteristics, social cues, and language. Both have focused on 
temperament and its possible effects on a single social cue—joint attention. In one, 
difficult temperament, as indicated by low executive control and high negative affect, 
was negatively related to both language development and joint attentional abilities at 21 
months of age (Salley & Dixon, 2007). Despite the fact that both temperament and joint 
attention predicted language and were related to each other, there was no evidence that 
temperament’s influence on language development arose indirectly via its influence on 
joint attention. That is, there was no significant mediating effect of joint attention on the 
relation between temperament and language. The researchers suggest that a possible 
reason for this null finding may be that 21-month-olds have reached a ceiling in joint 
attentional abilities, thus giving little predictive value to individual differences in this 
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domain. A more recent study examined the relation between attention, joint attention, and 
vocabulary size (Salley & Panneton, 2012). Distractibility in a visual attention task at 11 
months strongly predicted vocabulary at 18 months. Joint attentional abilities at 14 
months also predicted vocabulary at 18 months. Like the previous study, this study did 
not find evidence of indirect effects of distractibility through joint attention, but, also like 
the previous study, this research had serious limitations. For example, the sample size 
was too small to detect the mediated effect, given the medium effect sizes of the results 
(Fritz & MacKinnon, 2007). Thus, the failure of these two studies to show that the effect 
of infant temperament on language ability is mediated through joint attention may be 
methodological. Further, neither of these mediational studies considered general 
cognitive ability, which could itself serve as a mediator or change the relation between 
the other variables. Therefore, it is clear that more research is needed in this domain. 
General Conclusions 
 Despite the findings of these two mediational analyses, simple correlational 
studies provide the first hints of the mechanisms by which temperament and cognitive 
abilities may affect both language development and social learning skills, such as joint 
attention. They add to previous research focusing on individual differences in language 
development and on ways in which infants learn words, and represent a shift in 
developmental interest from answering questions about what and when, to answering 
questions about why and how. However, this work has been limited, and no studies have 
fully examined whether infant characteristics lead to variation in word learning through 
their effects on a mediating variable, such as infants’ ability to use cues to word meaning.  
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 We know that temperament, cognitive ability and the interpretation of social and 
intentional cues are all important to word learning, but their relations to language 
development have, for the most part, been studied in isolation. The few studies that have 
attempted to address this issue have been limited, either because they did not look at 
possible mediating effects, or because the methodology was flawed. Further, these studies 
have focused almost exclusively on joint attention. Although joint attention is irrefutably 
important in the process of word learning, as reviewed, many other social cues are also 
employed by infants. The relation between infant characteristics and interpretation of 
gesture or reading emotional expressions may provide new avenues for modeling how 
infant traits affect language comprehension. Moreover, extant studies have examined 
infants’ general capacity for joint attention (i.e., joint attention in tasks unrelated to word 
learning) as a possible mediator in the relation between infant characteristics and 
language. Infants’ employment of joint attention and other social cues in the service of 
word learning (i.e., following a point in order to link a new word to the correct referent) 
may provide a more parsimonious mediation model, as well as a clearer picture of the 
role of social cues in language development. 
 Early word learning provides the basis for language comprehension, at least 
through infancy. Understanding the mechanisms that make some infants efficient word 
learners, a question yet to be addressed when considering individual variation in early 
language development, can provide researchers, clinicians, parents, and teachers with a 
deeper understanding of how individual infants learn. Identifying the factors that 
influence language acquisition can help us recognize infants at risk for language 
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disorders, and determining the process through which those factors affect language 
development can enable us to create effective interventions to assist those infants. One 
important step in this process will be to establish how environmental cues can mediate 
the effects of infant characteristics on word learning. 
The Current Study  
 This study attempted to take this step by assessing, along with temperament, 
general cognitive ability, and language development, how easily infants learn words 
when different types of social cues are used. Infants were presented with labeling 
episodes, each of which involved a different social cue to word meaning, and then an 
experimenter tested their cognitive ability and observed behaviors related to 
temperament. In this way, the current study extends previous research on the factors 
important in infants’ language development, by evaluating child characteristics that affect 
infants’ proficiency at using social cues in word learning. Even more importantly, it 
provides the means necessary to examine whether this social cue use mediates the 
relation between infants’ characteristics and language capacity. This study addressed 
these broad questions by examining each component—that is, infants’ general learning 
from social cues and the characteristics associated with that learning—and then 
determining the relation between them, as outlined below. 
 Specific Aim 1.  Determine whether some social cues are more effective for 
infant word learning than others. Using social cues in others’ speech to determine the 
meaning of words is a complex process, and thus may be a skill that develops gradually. 
If this is the case, infants may be proficient in using some social cues (e.g., pointing, eye 
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gaze) to link words and objects, but may not be as adept at using others. The first goal of 
the current study, then, was to determine if infants at 18 months of age could use some 
social cues more effectively than others. It was hypothesized that infants would find some 
social cues, such as pointing, easier to learn from than others, such as emotional 
expressions. Therefore, on average, infants would be more successful in learning words 
using those social cues which they were more proficient in reading. 
 Specific Aim 2.  Determine which child characteristics are associated with 
individual differences in language development and in effective use of social cues for 
word learning. Individual differences in infants’ language development and word 
learning can provide us with more information than a simple description of their average 
ability. Predictors such as infants’ temperament and cognitive ability should account for 
much of the individual variation in infants’ language capacities. Therefore, the second 
aim of the present study was to expand previous research in providing evidence for the 
link between children’s characteristics and language development, and to specifically 
look at how those traits affected infants’ ability to use a variety of specific types of social 
cues when learning new words. Based on previous research, it was predicted that child 
characteristics such as temperament and cognitive ability would account for differences 
in infants’ language development. Specifically, children who were rated as high in 
attention, affiliation, inhibitory control, and sociability; low in shyness; and advanced in 
nonverbal cognition would show a more advanced language capacity, as assessed through 
both receptive and productive vocabularies. It was also predicted that several of these 
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traits would be specifically related to individual differences in infants’ ability to learn 
word meanings from social cues. 
 Specific Aim 3.  Examine the possible mediating effect of attention to social 
cues on the relation between infants’ characteristics and language comprehension. 
Although previous studies have indicated that several temperament characteristics and 
general cognitive abilities play a role in language development, few studies have 
attempted to determine the mechanism through which these factors affect word learning. 
Mediation analysis provides one way to assess such mechanisms. Therefore, the current 
study assessed the ability to attend to and use social cues as a possible mediating factor in 
the association of temperament and cognitive ability with early word learning. 
Temperament and cognitive ability were expected to affect word learning through their 
effect on infants’ ability to read social cues. Thus, when social cue use was covaried in 
mediation analyses, significant indirect effects of temperament or cognitive ability on 
vocabulary through their effects on social cue use in word learning were expected. 
Significance 
 The development and expansion of infants’ vocabularies is a critical part of 
language learning. Word learning in infancy is especially vital, because deficits in early 
language comprehension predict later problems in both verbal tasks and non-linguistic 
cognitive abilities (Bates, 1993). Thus, by determining which factors enable infants to 
map new words onto the world when they hear them from other people, we can better 
understand how their vocabulary, along with their other cognitive skills, develops. 
Further, by studying individual differences in infants’ attention to and proficiency in 
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using social word-learning cues, we can identify possible mechanisms that lead to 
advanced or delayed language development. By assessing infants’ attention to social cues 
when faced with the task of word learning, as well as the child characteristics associated 
with it, the present research advances our knowledge of how the complex process of 
language learning occurs. Having done so will, in turn, enable us to identify children at 
risk for language delays and develop more effective treatments targeted at specific 
predictors for those infants and young children who lag behind their peers in language 
development. 
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CHAPTER TWO: Methods 
Participants 
 The sample included 74 infants, 32 females, between 17 and 20 months of age (M 
= 18.73, SD = 1.06). Participants were recruited from public birth records. All children 
heard English at least 50% of the time. Twenty-one parents reported that their children 
also heard another language at home. No parents reported major medical problems or 
developmental delays. Seventy-two percent of parents reported their child’s ethnicity as 
white, 3% Asian, 2% American Indian or Alaska Native, 16% reported multiracial 
ethnicity, and 1% reported that their ethnicity did not fit into any of the offered 
categories, but did not further specify (i.e., marked “other”). The remainder of parents, 
6%, did not report their child’s ethnicity. Three children were dropped due to fussiness (n 
= 1), or insufficient English understanding (n = 2). The final sample used in the current 
analyses included 71 infants, 30 females. 
Procedure 
 Infants and at least one caregiver visited the lab for approximately one hour of 
videotaped testing. During the visit, infants’ cognitive and language development as well 
as their efficiency in using social cues to learn the meanings of new words were assessed. 
Upon entering the testing room, infants played with toys and the experimenter presented 
informed consent information to the caregiver. Testing began after consent forms were 
explained and signed, and when the infant showed signs of being comfortable in the 
testing situation. Infants first watched two word learning videos (described below) 
presented on the Tobii 1750 eyetracking system. Infants were seated in an adjustable high 
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chair or on a parent’s lap approximately 22 inches from the Tobii 17-inch display. 
Parents were instructed not to talk to or influence their infant during the video 
presentation.  
 After the video, children’s cognitive development was assessed using a 
standardized measure involving several interactive tasks between the experimenter and 
infant. Because infants at this age like to show objects to parents and others, parents were 
instructed to respond to infants as they typically would, but to use vague language (e.g., 
“Oh wow”, “What do you have?”), and not to help or instruct the infants in any of the 
tasks. During the visit, parents were also asked to complete two questionnaires, one 
assessing the child’s temperament and behavior, and the other assessing the child’s 
productive language. All sessions were videotaped, and all observational and direct 
assessment measures were scored on-line, either during or directly following the infant’s 
participation. 
Measures 
 Word learning tasks. Infants were presented with six video trials in a looking 
while listening style task (Fernald, Zangl, Portillo, & Marchman, 2008). In each trial, an 
actor first greeted the infant, and then two novel objects, a target and a distractor, were 
presented on the screen (see Appendix A). This allowed infants to look at each object 
before the learning and test phases, and allowed us to measure infants’ focus on each 
object, in order to check object salience. After the novel objects were presented, each trial 
proceeded to a learning phase and test phase, described below. A center-orienting image 
was displayed between each trial. Infants saw two trials for each of three different social 
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referential cues—eyegaze, pointing, and emotional expression. The order of object 
presentation and the object labeled as the target object in each trial were counterbalanced 
across infants. 
 Learning phase.  During the learning phase of the trial, the actor labeled one of 
the two novel objects with a novel label (e.g., “Look! It’s a tife”), using one of the social 
cues described below to indicate the correct referent. Images of the labeling events can be 
found in Appendix B. After the labeling event, a center-orienting image was displayed, 
indicating the end of the learning phase. 
 Eyegaze. In the eyegaze trials, the actor labeled one of the novel objects while 
looking at the camera, as described above, and then turned her head to look at the labeled 
object. She repeated this three times, with three different labeling phrases. Actors were 
timed so that they looked at the target object for exactly four seconds after each labeling 
phrase. Eyegaze trials ended with the actor looking directly at the camera. 
 Pointing. Actors in the pointing trials labeled one of the novel objects in the same 
way as was done in the eyegaze trials. After labeling, each actor pointed to the target 
object while continuing to look directly at the camera, in order to isolate the pointing cue 
from other referential cues, like eyegaze. Again, as in the eyegaze trials, the actor 
repeated the label and pointing gesture three times, and pointed to the target object for 
exactly four seconds after each labeling event. 
 Emotional expression.  The emotional expression trials were slightly different 
from the eyegaze and pointing trials. In these trials, the learning phase began with two 
buckets present on the screen, and the novel objects hidden from view inside them. 
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Looking at the camera, the actor exclaimed, “Let’s find the tife!” She then reached into 
one bucket, held up the object inside, displayed a sad facial expression, and said “Uh-oh.” 
Subsequently, she placed the object on the table in front of the bucket, so it was still 
visible to the infant. Next, she reached into the second bucket and displayed an excited 
facial expression as she help up the object and said “Ah-ha.” Finally, she placed that 
target object in front of the second bucket, and looked directly at the camera as the trial 
ended. These trials were designed to minimize verbal input as well as other referential 
cues, so that the effects of emotional expression could be assessed independently. 
 Test phase. Directly after the learning phase, a test phase was presented, which 
was identical across all types of learning trials. During the test phase, static images of the 
target and distractor objects were presented, one on either side of the screen. The actor’s 
voice then asked “Where is the tife? Can you find the tife?” The side of the screen on 
which the target object was presented was counterbalanced across trials. 
 Data coding. Infant gaze data was exported using Tobii ClearView software. The 
Tobii near-infrared tracker collects binocular data for each video frame, that is, 
approximately every 20 ms. Infant gaze was calculated by averaging the X and Y 
coordinates for each pupil during each frame, or by using the data for a single pupil if the 
other eye demonstrated low validity. Data for individual infants was recalibrated as 
needed, based on methods used by Frank and colleagues (2011). A window-of-analysis, 
during which the location of the infant’s gaze was measured, was then determined. This 
window began at each disambiguation point and lasted for 4 s. The disambiguation point 
was the beginning of the speaker’s head turn, point, or emotional expression during the 
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learning phases, and the onset of the target word during the test phases of the videos. 
Areas of interest (AOIs) were defined for both the learning phase and the test phase of the 
word learning videos. For the learning phase, AOIs were defined around the speaker’s 
head, and around the target and distractor objects. In the test phase, the right and left 
sides of the screen were defined as AOIs, and were labeled as “Target” or “Distractor” 
depending on the presentation of objects for each trial.  
 Adequate gaze data was recorded by the Tobii for 83% of the infants who 
participated. Beyond inattention to the videos, some gaze data was lost because of infant 
movement or adjustment in the chair. Thus, infant gaze during the window-of-analysis 
was also hand-coded from video tapes. Intraclass correlations between the Tobii and 
hand-coding were above .70, indicating acceptable agreement. When Tobii and hand-
coded data were combined, gaze was recorded for 89% of participants. Infants were 
included for analysis if there was data for 50% or more of the total window-of-analysis 
time on three or more test trials. Infants’ test phase scores reflected the proportion of 
infants’ looking toward the target over their total looking time across all usable trials. 
Because we were most interested in whether infants focused their attention on the speaker 
or the objects during the learning phase of each trial, scores for infants’ focus on the 
speaker were calculated as the proportion of their looking toward the speaker’s face over 
their total looking time during the learning phase. 
 Temperament. Temperament was assessed via both parent and observer ratings.  
Parents rated the temperaments of their infants on the Early Childhood Behavior 
Questionnaire – Short Form (ECBQ; Putnam, Gartstein, & Rothbart, 2006). The ECBQ 
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is a parent-report measure that assesses 18 dimensions of temperament, including activity 
level, attention focusing, fear, frustration, pleasure—both high- and low-intensity, 
perceptual sensitivity, positive anticipation, sadness, soothability, affiliation/cuddliness, 
discomfort, impulsivity, inhibitory control, shyness,  attention shifting, motor activation, 
and sociability. The questionnaire is designed to assess infants and young children 
between 18 and 36 months of age. Parents rate their infants’ behavior in a variety of 
situations in the last two weeks on a 7-point scale (1 = never to 7 = always). In the 
current study, temperament dimensions were aggregated onto three factors, following 
Putnam, Gartstein, & Rothbart (2006). These factors included negative affectivity, 
surgency/extraversion, and effortful control. Internal consistency of the ECBQ factors 
was assessed using Cronbach’s alpha. All measures demonstrated acceptable 
consistency—negative affectivity = .83, surgency/extraversion = .73, and effortful control 
= .71. 
 The Infant Behavior Record (IBR; Bayley, 1969) was used to provide an 
observational measure of temperament based on the child’s behavior throughout the 
testing session.  The IBR consists of 30 items, 25 of which are 5- or 9-point rating scales 
evaluating broad dimensions of infant behavior, including interpersonal, affective, 
motivational, and sensory behavioral domains.  Factor analyses of the IBR by Matheny 
(1980) yielded three factors related to dimensions found in most systems of temperament:  
activity level, task orientation, and affect-extraversion.  The activity level factor includes 
observer ratings of the child’s gross bodily movement and level of energy from low 
(“stays quietly in one place”) to high (“hyperactive; cannot be quieted for sedentary 
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tests”). Task orientation includes attention span (“fleeting” to “long-continued absorption 
in a toy, activity, or person”), persistence and goal directedness (“no evidence of directed 
effort” to “compulsive absorption with a task”), and responsiveness to objects (“does not 
indicate interest in objects” to “reluctantly relinquishes test materials”). Finally, the 
affect-extraversion factor relates to emotionality and sociability and includes social 
responsiveness (“avoiding” to “inviting”), emotional tone (“child seems unhappy 
throughout” to “radiates happiness”), and cooperativeness (“resists all suggestions” to 
“very readily and enthusiastically enters into suggested games”). In the present study, the 
standardized unweighted items were aggregated on three scales as suggested by Matheny 
(1980). A second coder scored 21% (N = 15) of the sample from videotapes. Intraclass 
correlations demonstrated good inter-observer agreement (r = .61). 
 General cognitive ability and language development. Bayley Scales of Infant 
and Toddler Development, Third Edition (Bayley-III; Bayley, 2006). General cognitive 
ability and language development were assessed using the Cognitive Scale and Language 
Scales, respectively, of the Bayley-III. The Cognitive Scale assesses mental development 
through items including exploration and manipulation, object relatedness, concept 
formation, and memory, among others. The Language Scale is divided into Receptive 
Communication and Expressive Communication. The Receptive Communication 
subscale assesses preverbal behavior, vocabulary and morphological development, social 
referencing and word comprehension. The Expressive Communication subscale measures 
preverbal production, joint attention and turn-taking, and productive vocabulary and 
syntactic development. As with the IBR, a second rater coded 21% (N=15) of the infants 
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from videotapes. Intraclass correlations were very high for the Cognitive (r = .79), 
Receptive Communication (r = .86), and Expressive Communication (r = .84) subscales, 
indicating strong interrater agreement. 
 MacArthur-Bates Communicative Development Inventory (MBCDI; Feldman et 
al., 2005). As an additional measure of language development, parents were asked to 
complete the MBCDI: Words and Sentences form, which measures vocabulary size and 
composition, as well as early grammar in infants from 16-30 months of age. This 
questionnaire consists of a checklist of 22 categories of vocabulary words often used by 
children in their second and third years; questions about whether the child uses various 
word endings (e.g., “-ed” for past tense); a checklist of irregular words; and questions 
about the grammatical complexity of the child’s speech. Scores for each section are 
tallied based on the number of words the parent marks as said by the child, or by the 
number of questions in which the parent reports that the child uses the more complex 
form. These scores are then converted to percentile scores for each gender based on 
norming data. In 18-month-old sample, only the productive vocabulary scores were used, 
as a majority of the infants in the study were not yet producing irregular word forms or 
combining words, making those sections uninformative. The reliability and validity of all 
forms of the CDI are well-established (Dale, 1991; Fenson et al., 1993). 
 One year after participation in the study, parents were contacted by email or 
telephone and asked to complete the MBCDI: Words and Sentences form for their infants 
at 30 months of age, as a follow-up to the original study. Parents who agreed to 
participate were mailed the MBCDI form, along with a stamped, addressed return 
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envelope. At the time of this writing, 26 infants had reached the one year follow-up, and 
22 families had agreed to participate. We received completed questionnaires for 15 
infants (M age = 29.40 mos., SD = 2.18 mos.). Collection of this longitudinal data is 
ongoing. Both Productive Vocabulary and Language Complexity scores were used in this 
sample, as there was much more variability in the participants at 30 months than there 
had been one year earlier. 
Analyses 
 In order to assess the first goal of the study, infants’ average responses across the 
different types of social cues were compared using Repeated-Measures ANOVAs. First, 
to gauge visual attention, infants’ looking during the learning phases toward the target 
object and toward the speaker’s face was compared across the different types of social 
cues. In addition, to examine conceptual attention, infants’ average scores during the test 
phases of the videos were also compared across social cue types. These analyses allowed 
us to determine whether different types of social cues provided differential support for 
word learning. To assess the second goal of the study, the associations between 
temperament, cognitive ability, language ability, and social cue use were evaluated using 
correlational analyses. This enabled us to determine whether individual differences in 
language ability and the use of social cues were related to infant characteristics. 
 The primary goal of this study was to determine whether the relation between 
infants’ characteristics and their language development was mediated by the relation 
between those characteristics and infants’ ability to use social cues to learn words (see 
Figure 1). In order to do this, a bias-corrected bootstrap mediation model was 
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implemented in M-plus statistical software (Muthen & Muthen, 2013). Bootstrap 
mediation was chosen because it is particularly suited to the modest sample sizes that are 
typical in developmental research. Mediation tests the likelihood that the effect of an 
independent variable on a dependent variable is transmitted through a second, mediating 
variable. Figure 1 provides an example of such a model.  
 In this figure, the three paths shown are all direct effects—α reflects the effect of 
the independent variable (here, temperament) on the mediator (social cue use in word 
learning), meaning it is equal to the change one would expect in social cue use, given a 
one unit increase in temperament. Similarly, β represents the effect of the mediator on the 
dependent variable (language), controlling for the independent variable; and c' reflects 
the effect of the independent variable on the dependent variable controlling for the 
mediator. The indirect effect is the product αβ, and reflects the change one would expect 
in language when temperament is held constant, but we adjust the value of social cue use 
to what would be attained given a one unit increase in temperament. 
 
 
 
 
 
 
Figure 1. Path Diagram for mediation model, with temperament as example Independent 
Variable. 
c' 
β α 
Temperament 
Social cue use in  
word learning 
Language 
(MBCDI & Bayley) 
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 In a bias-corrected bootstrap mediation model, a random sample from the original 
data is taken, with replacement, so that there is an equal probability of selecting any 
given case on any draw, regardless of its selection history. The effect of the independent 
variable on the dependent variable, of the mediating variable on the dependent variable, 
and of the independent variable on the dependent variable controlling for the mediating 
variable, are found for the bootstrap sample. This process is then repeated between 100 
and 10,000 times, and the confidence intervals around the bootstrap estimates of the 
direct and indirect effects are then determined. Significant effects are established using 
95% confidence intervals. Because these confidence intervals are bias-corrected, they 
correct for skew in the population, making the model better suited to human-subjects data 
than other bootstrap procedures (Fritz & MacKinnon, 2007).  
 The simple mediation model can be extended in a number of ways. For instance, 
moderated mediation may be of interest if a variable may be mediator, a moderator, or 
both. Such moderated mediation occurs when the indirect effect of the independent 
variable on the dependent variable through the mediator changes as a function of the 
value of a moderator variable (Preacher, Rucker, Hayes, 2007). The moderator may be a 
new variable added to the simple mediation model, or it could be the independent 
variable itself. In the example provided by Figure 1, a new moderator variable, such as 
gender, could be added to the model such that the indirect effect αβ may be significant for 
females but not for males. If the independent variable acts as the moderator, an 
interaction effect of the independent variable and the mediator is added to the model. In 
the current example, this type of moderated mediation would mean that temperament 
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affects language through its effect on social cue use, only at some levels of temperament. 
A MonteCarlo simulation power analysis revealed that the power to detect all small (.14), 
all medium (.39) and all large (.59) effects at an alpha level of .05 with the current sample 
size was .25, .95, and 1.00 for direct effects, and .01, .79, and 1.00 for indirect effects, 
respectively. This analysis allowed us to determine whether the relation between infants’ 
traits and language development could be explained—at least in part—by the effect of 
those traits on infants’ ability to use social cues when learning new words. 
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CHAPTER THREE: Results 
Preliminary Analyses 
Table 1 
Descriptive Statistics for Language, Social Cue Use, and Temperament, by Gender. 
 Females Males t df p 
 M (SD) M (SD)    
Age (months) 18.61 (1.06) 18.85 (1.04) -0.94 69 0.35 
Social Cue Use 3.32 (1.32) 3.22 (1.57) 0.26 61 0.80 
Focus on Speaker  0.34 (0.12) 0.31 (0.12) 0.91 61 0.37 
Bayley Cognitive 9.10 (1.52) 9.15 (1.66) -0.13 68 0.90 
Bayley Receptive 
Communication 
10.57 (2.05) 9.54 (2.14) 2.02 67 0.05* 
Bayley Expressive 
Communication 
10.52 (2.73) 9.05 (2.10) 2.48 65 0.02* 
MBCDI Vocabulary 55.48 (27.94) 44.37 (31.45) 0.15 12 0.89 
Observed Task 
Orientation 
-0.06 (0.93)
a
 0.08 (0.73)
a
 -0.73 68 0.47 
Observed 
Affect/Extraversion 
-0.16 (0.89)
a
 0.12 (0.65)
a
 -1.49 68 0.14 
Observed Activity 
Level 
-0.30 (1.00)
a
 -0.18 (1.08)
a
 -0.51 68 0.61 
Parent-Rated Negative 
Affect 
2.87 (0.42) 2.86 (0.60) 0.04 68 0.97 
Parent-Rated 
Surgency/Extraversion 
4.72 (0.57) 5.01 (0.72) -1.77 66 0.08† 
Parent-Rated Effortful 
Control 
4.61 (0.61) 4.40 (0.49) 1.65 68 0.10 
a
 Means based on composites of standardized variables. 
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 Table 1 shows the descriptive statistics for all measures. Gender differences were 
significant only for the language measures from the Bayley-III. Girls showed more 
advanced language skills than boys, which coincides with much of the previous literature 
(e.g., Bornstein, Hahn, & Haynes, 2004; Huttonlocher, Haight, Bryk, Seltzer, & Lyons, 
1991). Infants’ scores on the MBCDI did not demonstrate significant gender differences, 
but this is likely due to the fact that percentile scores on this measure are different for 
each gender. There were no other significant gender differences on measures of cognitive 
ability, use of social cues, or temperament, although surgency/extraversion approached 
significance, with males rated higher than females, as would be expected.  Infants’ 
overall social cue use was correlated with age (r = .38, p < .05), indicating that older 
infants were better able to use social cues to learn new words. 
 In order to ensure that infants did not show a preference for any specific object in 
the social cue videos, infant looking during the initial presentation of the objects was 
measured. Sufficient looking data during this phase of the video was recorded for 89% of 
the sample. Infants showed a general right side bias, t = 11.67, p < .01.  That is, infants 
spent proportionally more time looking at the object on the right (M = 0.71, SD = 0.30). 
The side on which the target and distracter objects appeared, however, was 
counterbalanced between trials and between versions of the word learning videos, and 
there were no differences in infants’ looking toward the right or the left between trials, 
F(1, 258) = 0.222, p = .64, or between versions of the videos, F(1, 258) = 0.014, p = .91. 
Thus, infants did not seem to show a preference for any one object over the other in a 
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pair. Table 2 lists the mean proportion of time infants’ spent looking toward the object 
presented on the right, across trials and videos. 
Table 2. 
Mean (SD) Proportion of infant looking during novel language exposure. 
 Looking to Right-
side object 
Looking to Speaker 
Video set 1   
     Pointing 0.68 (0.31) 0.38 (0.08) 
     Eyegaze 0.62 (0.27) 0.18 (0.12) 
     Emotional Expression 0.77 (0.24) 0.41 (0.13) 
Video set 2   
     Pointing 0.80 (0.22) 0.47 (0.17) 
     Eyegaze 0.74 (0.31) 0.10 (0.07) 
     Emotional Expression 0.71 (0.28) 0.41 (0.17) 
Video set 3   
     Pointing 0.75 (0.26) 0.41 (0.11) 
     Eyegaze 0.85 (0.24) 0.15 (0.13) 
     Emotional Expression 0.67 (0.36) 0.34 (0.11) 
Video set 4   
     Pointing 0.68 (0.32) 0.40 (0.14) 
     Eyegaze 0.76 (0.26) 0.15 (0.10) 
     Emotional Expression 0.61 (0.32) 0.44 (0.14) 
 
Comparisons Between Cues 
 To determine whether infants varied in their use of the different social cues, their 
performance was compared across the pointing, eyegaze, and emotional expression trials. 
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First, infants’ visual attention on either the speaker or the objects during the learning 
phases of the videos was measured. Mean proportion of time spent looking at the speaker 
can be found in Table 2. Overall, infants focused significantly more on the objects 
presented than on the speaker, t = 12.29, p < .01. However, there were no significant 
differences in infants’ focus of attention across the different types of cues.  
 Next, to see if infants were better able to learn words from some social cues than 
others, scores from the test phases of the videos were compared across the different types 
of cues. There was a significant difference in infants’ word learning across the pointing, 
eyegaze, and emotional expression trials, F(1, 168) = 10.15, p < .01. Planned pairwise 
comparisons indicated that infants performed significantly better on emotional expression 
trials (M = 1.45, SD = 0.87) than on either pointing trials (M = 0.95, SD = 0.37), p < .01, 
or eyegaze trials (M = 0.90, SD = 0.59), p < .01. 
Infant Characteristics and Social Cue Use 
 Correlations indicating the relations between infants’ characteristics and their use 
of social cues, as well as with their focus on the speaker during the learning phase are 
displayed in Table 3. Infants’ focus on the person speaking, as opposed to the objects 
present, during the learning phases of the word learning trials was significantly 
negatively correlated with activity level. Thus, infants who were more active spent less 
time looking at the speaker during the labeling episodes, which could simply reflect a 
lack of overall attention in highly active infants. Although no significant correlations 
were found between infants’ characteristics and their use of social cues, social cue use 
was significantly positively correlated with infants’ focus on the speaker during the 
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learning phases of each trial (r = .23, p < .05). Infants who spent more time looking at the 
speaker when they heard the novel words were better able to use the speaker’s cues to 
learn the words. 
Table 3. 
Predictors of Infants’ Social Cue Use and Focus of Attention. 
 Social Cue Use Focus on Speaker 
during Word Learning 
Cognitive Ability .03 .07 
Temperament   
     Observed Task Orientation .02 -.08 
     Observed Affect-Extraversion .08 .15 
     Observed Activity Level -.04 -.25* 
     Parent-Rated Negative Affect .12 .16 
     Parent-Rated Surgency/Extraversion .00 -.12 
     Parent-Rated Effortful Control -.09 .11 
          * p < .05 
 
Infant Characteristics and Language Ability 
 The correlations between infants’ temperament and cognitive ability and 
vocabulary are presented in Table 4. These correlations supported several of the 
hypothesized relations between the variables. Interestingly, although both productive 
language measures—the Bayley Expressive Communication Scale and the MBCDI—
were significantly positively correlated with infants’ ability to use social cues, infants’ 
receptive language was not. Thus, infants’ who said more words were better able to use 
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social cues to learn novel words during the video trials, but infants’ overall understanding 
of language was not related to this ability. 
Table 4. 
Predictors of Infants’ Language Ability. 
 Bayley Receptive 
Communication 
Bayley Expressive 
Communication 
MBCDI 
Vocabulary 
Social Cue Use .20 .30* .28* 
Focus on Speaker during 
Word Learning 
-.11 .13 .09 
Cognitive Ability  .33** .29* .36** 
Temperament    
     Observed Task Orientation .10 .08 .17 
     Observed  
     Affect-Extraversion 
.15 .30* .22† 
     Observed Activity Level -.02 .09 .20 
     Parent-Rated Negative  
     Affect 
-.12 -.07 .02 
     Parent-Rated      
     Surgency/Extraversion 
-.16 .05 .01 
     Parent-Rated Effortful  
     Control 
.17 -.12 .01 
* p < .05; ** p < .01; † p < .07 
 
 On the other hand, all of the language measures were significantly positively 
correlated with cognitive ability; that is, infants who scored higher on the Bayley 
Cognitive Scale also scored higher on the Bayley Expressive and Receptive 
Communication Scales, and were rated as having larger vocabularies by their parents on 
the MBCDI. There were few correlations between infants’ temperament traits and their 
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vocabulary. However, similar to social cue use, infants’ level of affect-extraversion was 
significantly correlated with productive language as assessed using the Bayley Expressive 
Communication Scale, and the relation between affect-extraversion and MBCDI scores 
approached significance. Thus, in addition to their better use of social cues in word 
learning, children who said more words were also rated by observers as more outgoing. 
 Infants’ characteristics showed several intercorrelations. Notably, infants’ 
cognitive ability was positively correlated with both task orientation (r = .34, p < .01) and 
affect-extraversion (r = .28, p < .05), meaning that infants with higher cognitive ability 
scores were also rated as higher in task orientation and affect-extraversion in observer 
ratings. Infants’ observer-rated activity level was also associated with their parent-rated 
surgency/extraversion (r = .36, p < .05), which provided some evidence that our observer 
ratings and parent reports were measuring similar aspects of temperament. Finally, there 
were positive correlations between infants’ MBCDI scores and both the Bayley 
Receptive Communication (r = .36, p < .01), and the Bayley Expressive Communication 
scales (r = .69, p < .01), indicating that infants who scored highly on the Bayley-III scales 
were also rated by parents as having larger vocabularies. 
Mediation Analysis 
 In order to determine whether infants’ ability to use social cues in word learning 
mediates the relations between infants’ characteristics and their vocabulary, several 
bootstrap mediation models using ordinary least squares path analysis were tested. In all 
models, 5000 bootstrap re-samples were taken and bias-corrected confidence intervals 
were provided for all direct and indirect effects. Based on the correlational analyses, 
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affect-extraversion, cognitive ability, and infants’ focus on the speaker during the 
learning phases of the video trials were simultaneously entered as independent variables 
in the basic models
1
. Each was entered as an independent variable in separate models, 
with the other factors as covariates. Figure 2(a) and (b) present the tested models with 
estimated standardized parameters for each path. The unstandardized bootstrapped 
estimates and confidence intervals can be found in Table 5. As can be seen in Table 5, 
cognitive ability was the only independent variable with a significant direct effect on 
expressive vocabulary, assessed via both the MBCDI and the Bayley Expressive 
Communication Scale. Infants’ ability to learn words from social cues, the hypothesized 
mediating variable, also had a significant direct effect on both measures of vocabulary. In 
these initial simple mediation models, there were no significant indirect effects—
confidence intervals for all of these effects included zero. Thus, none of the associations 
between infants’ cognitive ability, affect-extraversion, or their focus on the speaker and 
their productive vocabulary were mediated through their use of social cues in word 
learning.  
 
 
 
 
 
                                                             
1 In some instances, it is possible to have mediation effects without a significant correlation between 
the independent and dependent variables. Therefore, mediation models that included each temperament 
dimension as an independent variable were also explored. Consistent with the correlational analyses, 
these models showed no significant direct or indirect effects on language, and thus, in the interest of 
brevity, are not presented here. 
51 
 
(a) Simple mediation model predicting MBCDI Productive Vocabulary scores. 
 
 
 
 
 
 
 
 
 
 
(b) Simple mediation model predicting Bayley Expressive Communication scores. 
 
 
 
 
 
 
 
 
 
 
Note: * p < .05 
Figure 2. Standardized path coefficients for the simple mediation models examining 
the relations between child characteristics, social cue use, and productive vocabulary 
at 18 months. 
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Table 5.  
Unstandardized Bootstrapped Effects on Vocabulary in the Simple Mediation Model. 
   Bias-Corrected 95% CI 
 Point 
Estimate 
SE Lower Upper 
MBCDI Productive Vocabulary 
Direct Effects     
     Cognitive Ability 6.01* 2.17 1.57 10.11 
     Affect- 
     Extraversion 
4.95 4.68 -5.02 13.52 
     Focus on Speaker -9.09 31.72 -74.79 50.93 
     Social Cue Use 5.46* 2.68 0.17 10.69 
Indirect Effects     
     Cognitive Ability 0.07 0.75 -1.52 1.50 
     Affect-Extraversion 0.44 1.59 -1.91 4.79 
     Focus on Speaker 15.37 11.72 -0.82 47.40 
Bayley Expressive Communication Scale 
Direct Effects     
     Cognitive Ability 0.34* 0.17 0.01 0.66 
     Affect-Extraversion 0.66 0.39 -0.19 1.36 
     Focus on Speaker 0.69 2.99 -5.99 6.05 
     Social Cue Use 0.43* 0.21 0.04 0.85 
Indirect Effects     
     Cognitive Ability 0.01 0.06 -0.11 0.14 
     Affect-Extraversion 0.03 0.12 -0.17 0.33 
     Focus on Speaker 1.32 0.99 0.00 4.11 
SE: Standard error of the point estimate; * p < .05 
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 Despite the lack of indirect effects in the simple model, it is possible that such 
effects do exist, but are conditional, depending on the level of either the independent 
variable or some additional variable. Given the findings of the simple mediation models, 
a moderated mediation model was assessed in which cognitive ability, as the independent 
variable, also acted as a moderator of the path between infants’ use of social cues in word 
learning and vocabulary (Figure 3(a) and (b)). Unstandardized point estimates and 
confidence intervals for this model are reported in Table 6. As was the case in the simple 
mediation model, there was a significant direct effect of cognitive ability on MBCDI 
Vocabulary scores. However, this effect was not significant when productive language 
was assessed via the Bayley Expressive Communication Scale. Further there were no 
significant direct effects of social cue use on productive vocabulary. The inclusion of the 
interaction effect likely suppressed these direct effects, because the sign of the interaction 
was opposite that of the direct effects of the individual variables. For both language 
measures, there was evidence of mediation conditional on the level of cognitive ability. 
When the indirect effect of cognitive ability on productive vocabulary through social cue 
use was assessed at different levels of cognitive ability (i.e., -1 SD, 0 SD, +1 SD), 
significant indirect effects were found for Bayley Cognitive Scale scores at or below the 
mean. Thus, the association between cognitive ability and both measures of productive 
vocabulary is mediated through the use of social cues in word learning, only for infants 
who scored at or below average on the Bayley Cognitive Scale.
2
 
                                                             
2
 The strength of the indirect effect at the mean, one standard deviation below, and one standard 
deviation above the mean of cognitive ability are displayed in Table 6 and Figure 3 in order to 
demonstrate the conditional effect. However, the indirect effect was tested at all levels of cognitive 
ability that appeared in the sample, and the same pattern of results was found.  
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(a) Moderated mediation model predicting MBCDI Productive Vocabulary scores from 
the interaction of Cognitive Ability and Social Cue Use. 
 
 
 
 
 
 
 
 
(b) Moderated mediation model predicting Bayley Expressive Communication scores 
from the interaction of Cognitive Ability and Social Cue Use. 
 
 
 
 
 
 
 
 
Note: * p < .05 
Figure 3. Standardized path coefficients for the moderated mediation models 
examining the relations between child characteristics, social cue use, and productive 
vocabulary at 18 months. 
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Table 6.  
Unstandardized Bootstrapped Effects on Vocabulary in the Moderated Mediation Model. 
   Bias-Corrected 
95% CI 
 Point 
Estimate 
SE Lower Upper 
MBCDI Productive Vocabulary 
Direct Effects     
     Cognitive Ability 11.66* 19.32 0.30 24.55 
     Social Cue Use 19.83 6.23 -18.07 57.41 
     Cognitive Ability *   
     Social Cue Use 
-1.54 2.08 -5.61 2.55 
Indirect Effects     
     Cognitive Ability -1 SD -2.66* 1.43 -5.57 -0.03 
     Cognitive Ability 0 SD -1.87* 0.80 -3.43 -0.32 
     Cognitive Ability +1 SD -1.08 1.28 -3.56 1.61 
Bayley Expressive Communication Scale 
Direct Effects     
     Cognitive Ability 0.77 0.43 -0.03 1.67 
     Social Cue Use 1.41 1.21 -0.90 3.81 
     Cognitive Ability *  
     Social Cue Use 
-0.10 0.13 -0.36 0.15 
Indirect Effects     
     Cognitive Ability -1 SD -0.21* 0.09 -0.39 -0.03 
     Cognitive Ability 0 SD -0.16* 0.06 -0.29 -0.04 
     Cognitive Ability +1 SD -0.10 0.09 -0.29 0.07 
SE: Standard error of the point estimate; * p < .05 
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 For children higher in cognitive ability, however, social cue use does not seem to 
be a necessary component of the relation; in fact, the negative sign of the indirect effect 
indicates that this effect is stronger as Bayley Cognitive Scale scores decrease. This 
variation in the indirect effect is illustrated in Figures 4 and 5. 
 
Figure 4. Strength of the indirect effect of cognitive ability on MBCDI Productive 
Vocabulary mediated through social cue use, at varying levels of cognitive ability. 
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Figure 5. Strength of the indirect effect of cognitive ability on Bayley Expressive 
Communication scores mediated through social cue use, at varying levels of cognitive 
ability. 
Individual Differences in Vocabulary at 30 months 
 Scores on the MBCDI: Words & Sentences form were analyzed for the subsample 
of participants whose parents completed this questionnaire approximately one year after 
their participation in the original study. Interestingly, the only 18-month measure with 
which the 30-month-olds’ productive vocabulary significantly correlated was the Bayley 
Receptive Communication Scale (r = .59, p < .05). In other words, children’s productive 
vocabulary at two and a half years of age was predicted by the number of words they 
understood at one and a half years, but not by their spoken language, temperament, or 
cognitive ability at that age. Linguistic complexity at 30 months, on the other hand, was 
associated with 18 month productive vocabulary as measured by the MBCDI (r = .62, p < 
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.05), indicating that children who had larger productive vocabularies in their second year 
were using more complex word combinations a year later. Because infants’ MBCDI 
scores at 18 months were correlated with several other factors, including cognitive ability 
and social cue use, further analysis was performed in order to determine whether these 
capacities affected infants’ linguistic complexity at 30 months of age through their effect 
on infants’ productive vocabulary at 18 months of age.  
 
 
 
 
 
 
 
 
Note: * p < .05 
Figure 6. Standardized path coefficients for the mediation model predicting MBCDI 
Language Complexity scores at 30 months. 
 A simple mediation model revealed that both cognitive ability and social cue use 
indirectly affected 30 month vocabulary through their effect on 18 month vocabulary. 
Unstandardized point estimates and confidence intervals for the direct and indirect effects 
on language at 30 months in this model are shown in Table 7.  
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Table 7.  
Unstandardized Bootstrapped Effects on 30-month Linguistic Complexity. 
   Bias-Corrected 95% CI 
 Point 
Estimate 
SE Lower Upper 
Direct Effects     
     Cognitive Ability -7.19 4.97 -17.35 2.34 
     Social Cue Use 2.63 0.69 -11.52 15.15 
     18-month MBCDI  
     Vocabulary 
0.66* 0.21 0.28 1.10 
Indirect Effects     
     Cognitive Ability 4.40* 2.01 1.50 9.73 
     Social Cue Use 4.04* 2.15 0.74 9.32 
SE: Standard error of the point estimate; * p < .05 
 Beyond the influences on later linguistic complexity, both cognitive ability and 
social cue use had direct effects on concurrent vocabulary. Thus, as indicated in Figure 5, 
the model revealed that infants who had higher scores on the Bayley Cognitive Scale had 
larger productive vocabularies at 18 months, and infants who had larger productive 
vocabularies at 18 months used more complex language combinations at 30 months. 
Similarly, infants who were better able to use social cues to learn words at 18 months had 
larger productive vocabularies at that age. The bias-corrected bootstrap confidence 
interval for the indirect effect of cognitive ability on 30 month linguistic complexity 
through productive vocabulary at 18 months did not include zero, indicating that this path 
was statistically significant. Infants use of social cues in word learning at 18 months also 
had a significant indirect effect on linguistic complexity through its effect on concurrent 
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productive vocabulary. There was no evidence of direct effects of either cognitive ability 
or infants’ use of social cues on linguistic complexity independent of their effect on 18 
month productive vocabulary. Thus, the relations between both cognitive ability and 
social cue use at 18 months and infants’ linguistic complexity at 30 months is mediated 
by infants’ 18-month productive vocabulary. Although infants’ cognitive ability and 
social cue use do not independently affect the complexity of infants’ language at 30 
months, these traits do affect infants’ productive vocabulary at 18 months, and that early 
productive vocabulary predicts infants’ later linguistic complexity. 
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CHAPTER FOUR: Discussion 
 This study examined the relation between infants’ characteristics, namely, their 
temperament and cognitive ability, and their language development. It also investigated 
the role of infants’ attention to and use of social cues in word learning in this association. 
The few previous studies in this area have looked at attention to social cues generally 
(e.g., in joint attention), and not infants’ ability to use these cues to determine the referent 
of a new word. The first aim of this study was to compare infants’ average word learning 
across the different types of social cues. This study is unique in that it examined infants’ 
ability to use social cues in a word learning situation, and in that it considered the effects 
of several types of social cues individually. Next, this study explored the factors that lead 
to individual differences in both infants’ social cue use and their vocabulary. Finally, the 
third aim of this research was to determine whether infants’ ability to use social cues to 
learn the meanings of new words mediated the relation between their characteristics and 
their vocabulary. That is, would infants’ characteristics affect their ability to use social 
cues, and in that way, affect their productive vocabulary? In achieving these aims, the 
current research broadens our understanding of the contextual cues infants use in their 
early word learning and opens new avenues for individualized interventions for infants 
and children with language disorders.  
Specific Aim 1: Comparison Between Social Cues 
 In comparing infants’ word learning across the different types of social cues, we 
found that infants fared best when new words were presented with emotional expressions. 
This was surprising, as eyegaze was expected to be the easiest cue for infants to follow. 
62 
 
Infants begin to understand the importance of gaze before their first birthday, and have 
demonstrated their ability to map words to objects by following gaze in numerous studies 
(e.g., Brooks & Meltzoff, 2005). Similarly, infants understand the referential nature of 
pointing gestures well before 18 months of age. Thus, their relatively better performance 
on emotional expression trials in the word learning videos was unexpected. However, 
there are several possible explanations for the present results. First, the eyegaze and 
pointing trials may have seemed unnatural to the infants. For instance, in order to fully 
isolate each type of cue, the actors in the videos pointed to the objects without looking at 
them, which is not the typical pointing cue infants would encounter in their natural 
environment. One way to test this possibility is by examining infants’ looking behavior 
during the learning phases of the video trials. Previous research has indicated that 
increased looking toward the speaker may indicate surprise or confusion, as infants look 
longer at speakers who mislabel familiar objects (Koenig & Echols, 2003). We did not 
find this to be the case in the current study. Infants’ focus on the speaker’s face and on 
the objects presented during the learning phase did not vary across cues. In fact, increased 
looking at the speaker was associated with better word learning, possibly because it 
reflected more overall social orientation and attention that could make infants more apt to 
effectively use social cues.  
 A more plausible explanation is that the emotional expression trials were more 
interesting for the infants. Because infants are able to use eyegaze as a cue to speaker 
intention much earlier, by 18 months of age, this cue may not be enough to hold the 
infant’s attention. This may be especially the case in typical word-learning paradigms, 
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such as in the current study. Such paradigms are similar to object-labeling interactions 
common between mothers and infants, and thus, infants have significant experience with 
similar episodes. Emotional expressions, on the other hand, are a cue that infants are just 
beginning to use during their second year of life (Tomasello & Barton, 1994). Moreover, 
they are beginning to enjoy and understand the referential communication inherent in the 
hiding and finding types of games used in these presentations (Behne, Carpenter, & 
Tomasello, 2005). It is likely, then, that the emotional expression clips were much more 
intriguing for the infant, and thus held their attention for a longer period. This finding 
adds a new level of detail to the emergentist coalition theory. In previous work, Hollich 
and colleagues (2000) found that although infants are able to use perceptual cues, such as 
movement, to determine a speaker’s referent in their earliest word learning, by the time 
they begin to use social cues, such perceptual cues are no longer sufficient for infants to 
link a label to an object. The present findings suggest that infants show a similar 
developmental pattern even within types of cues. By the time infants begin using more 
complex social cues, such as emotional expressions, very basic social cues, like eyegaze, 
may no longer be enough for infants to make the link between words and objects. 
Specific Aim 2: Individual Differences in Social Cue Use and Language 
 As hypothesized, correlational analyses indicated that language ability was related 
to cognitive ability and affect-extraversion, as well as infants’ successful use of social 
cues in the word learning tasks. However, it is interesting to note that only infants’ 
productive language scores were related to affect-extraversion and social cue use. 
Further, mediation analyses examining the independent effects of cognitive ability, 
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affect-extraversion and social cue use on infants’ productive vocabulary indicated that 
only cognitive ability and social cue use had direct effects on productive vocabulary. The 
lack of an independent relation between affect-extraversion and productive vocabulary, 
as well as the fact that this trait was not correlated with receptive vocabulary in the 
current study, may suggest that extraversion was not associated with actual language 
capacity, but rather with children’s willingness to interact with and respond to the 
experimenter. Indeed, recent research has consistently found that shyness and behavioral 
inhibition are negatively related to productive, but not receptive, language, supporting the 
hypothesis that these temperament traits affect performance rather than competence 
(Smith Watts, et al., 2014). This may be the case in the current study because affect-
extraversion was highly correlated with infants’ performance on interactive tasks (e.g., 
Bayley Cognitive and Expressive Communication Scales), whereas the association 
between affect-extraversion and parent ratings of vocabulary, which should not be 
affected by performance inhibition, was only marginally significant, although in the same 
direction. Further, if affect-extraversion affects only performance, its relation to cognitive 
ability may suggest that cognitive ability scores to some extent reflect this willingness to 
interact with the experimenter. This does not seem to be the case in the current study. 
When affect-extraversion was included as a mediator in the relation between cognitive 
ability and productive language, the effect of cognitive ability was not explained by the 
association between cognitive ability and affect-extraversion. That is, there was no 
indirect effect of cognitive ability on productive vocabulary through affect-extraversion. 
Thus, although cognitive ability and affect-extraversion were correlated, the association 
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between cognitive ability and vocabulary was not simply a superficial one reflecting the 
effect of infants’ cooperation in interactive tasks.  
 Overall, these findings suggest that individual differences in vocabulary are 
related to several characteristics and skills in infants’ second year of life. Cognitive 
ability and social cue use may be particularly important in predicting infants’ early 
vocabulary capacity. On the other hand, the association between affect-extraversion and 
language ability remains unclear. 
Specific Aim 3: The Mediating Role of Social Cue Use 
 There was no evidence of mediation in the model that included infants’ 
productive vocabulary as a dependent variable, cognitive ability, affect-extraversion, and 
infants’ focus of attention as independent variables, and social cue use as a mediating 
variable. There were, however, direct effects of both cognitive ability and social cue use 
on infants’ productive vocabulary. As discussed above, both of these abilities are robust 
predictors of vocabulary capacity. Moreover, the direct effect of cognitive ability on 
productive vocabulary continued to be significant even when the interaction between 
cognitive ability and social cue use was included in the moderated mediation model.  
 More compelling than these direct effects, was the discovery of moderated 
mediation in the relation between cognitive ability, social cue use, and productive 
vocabulary. It was hypothesized that social cue use in word learning would mediate the 
relation between infants’ characteristics and language capacity. The association between 
cognitive ability and vocabulary was, in fact, mediated by infants’ ability to use social 
cues, but only in those infants whose scores on the Bayley Cognitive Scale were below 
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average. In other words, the indirect effect of cognitive ability on productive vocabulary 
through infants’ ability to use social cues in word learning was significant only for those 
infants’ whose cognitive ability was at or below the sample mean. It is important to note 
that the mean of the current sample was slightly below the normative average for 
cognitive ability (i.e., the scaled score mean was 9.13, corresponding to approximately 
the 39
th
 percentile). Thus, it appears that effective attention to, and use of, social cues is 
especially important for word learning in children who scored below the normative 
average on this test of cognitive ability. Children with high cognitive ability, on the other 
hand, may be able to learn words using other methods, and may not need to rely as 
heavily on social cues.  
 Previous research has indicated that early cognitive ability is predictive of 
vocabulary size, and that early language development plays an important role in later 
cognition, both verbal and nonverbal (Bates, 1993; Siegel, 1981). The current findings 
indicate that the relation between language and nonverbal cognition may be even more 
complex. Although high cognitive ability alone may enable infants to expand their 
vocabulary by quickly and easily learning new words, contextual cues, such as the social 
cues examined in the current study, may be necessary to guide word learning in children 
with lower cognitive skills. Indeed, prior findings indicate that high verbal intelligence 
seems to be a protective factor against social communication difficulties, such as deficits 
in social reciprocity, which seem clearly related to the ability to use others’ social cues. 
Moreover, for boys, this positive association between verbal IQ and social 
communication skills holds true only for those who score below average on verbal IQ 
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(Skuse et al., 2009). Similar to the current results, this indicates that attention to social 
cues may be particularly important for children with lower cognitive ability. 
 This is further supported by recent findings in children with an Autism Spectrum 
Disorder (ASD), where mild social symptomology and high nonverbal IQ in children 
with an ASD at 2.5 years of age predicted the greatest improvement in verbal skills at age 
4.5 (Turner & Stone, 2007). Likewise, ASD children with high cognitive ability tend to 
make the largest gains in verbal ability in early childhood (Anderson et al., 2007). These 
children have the social communicative difficulties typical of ASD, thus indicating that 
such skills may be less important for language development in children with high IQ. 
 The associations between infants’ language skills at 18 months and their language 
a year later further elucidate this relation. Not only are cognitive ability and social cue 
use directly and indirectly related to productive vocabulary at 18 months, they also 
predict infants’ linguistic complexity at 30 months of age through that association. Thus, 
although cognitive ability and social cue use in 18-month-olds did not directly affect the 
complexity of 30-month-olds’ language, they did affect 18-month-olds’ expressive 
language skills, and through this, affected their linguistic complexity a year later. These 
results coincide with and add to several previous studies that have looked at predictors of 
language ability in isolation. Both early cognitive skills, as mentioned above, and 
especially early language have been recognized as consistent predictors of later language 
ability (e.g., Bates, Bretherton, & Snyder, 1988; Fenson, Dale, Resnick, Bates, Thal, & 
Pethick, 1994; Oliver, Dale, & Plomin, 2004). Vocabulary at 18 months of age was the 
best independent predictor of linguisitic complexity at 2.5-years-old in the current sample 
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as well. However, it was not simply early language alone that built the foundation for 
later language capacities. Instead, the underlying processes that drove early word 
learning, specifically, cognitive ability and effective use of social cues, indirectly led to 
improvements in more advanced language skills, through their effect on early vocabulary. 
Taken together with the findings regarding 18-month vocabulary, this suggests that the 
ability to use social cues in word learning may be especially important for language 
development in infants with lower cognitive ability, as it mediates the relation between 
cognitive ability and vocabulary in these infants at 18 months, and thus may have an even 
more pronounced effect on the complexity of their language at 30 months of age.  
 The simple, direct relation between early vocabulary and later language that has 
been reported in previous research was also clearly replicated in the relation between 
infants’ productive vocabularies at 30 months of age and their receptive vocabularies at 
18 months. Given the detailed findings in the present study, though, it is possible that a 
more nuanced hypothesis is called for in explaining this result, as productive vocabulary 
at 30 months was not related to any other 18-month variable. One possibility is that this 
association may be due to the developmental time periods within which we examined 
infants’ language. During the second year of life, infants are able to understand hundreds 
of words, but productive vocabulary is just beginning to accelerate. Likewise, during 
their third year, infants’ productive vocabularies contain hundreds of words, but their 
linguistic complexity, including the use of irregular forms of words, appropriate tense, 
and advanced word combinations, is still advancing. Thus, it may be that the relation 
between receptive language at 18 months and later productive vocabulary is a relation 
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between skills that have been mastered, whereas the relation between productive 
vocabulary at 18 months and the complexity of their language at 30 months is one of 
capacities in flux.  
 Another possibility is that different communicative skills may develop along 
separate trajectories. Studies of early nonverbal communication lend some support to this 
possibility. For instance, the variety of meanings in infants’ gestures (i.e., pointing to 
request objects, share interest in objects, and demonstrate knowledge of labels) at 18 
months predicts their vocabulary at 42 months, and the number of word/gesture 
combinations they use predicts the complexity of their later language (Rowe & Goldin-
Meadow, 2009). Such early nonverbal communication may trigger social interactions that 
advance specific skills, and such interactions may also explain the relations we find 
between early and later language. For example, infants who use gestures, such as 
pointing, in many different ways may engage in more labeling interactions with parents 
and others who tend to label the objects to which infants point. This could, in turn, lead to 
more advanced early understanding of words and accelerate later word production. On 
the other hand, infants’ combinations of words and gestures may lead to more expansions 
from adults, allowing infants to practice more words to add to their productive 
vocabularies early on, and adding to their later linguistic complexity. Rowe and Goldin-
Meadow (2009) did not find the same link between early receptive and later productive 
language seen in this study; however, they measured receptive language at an earlier age, 
when infants are still building their receptive vocabularies. Thus, it may be that the 
trajectory of language is both time and skill specific, with particular relations between 
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different aspects of verbal and nonverbal communication evident only during certain 
developmental time periods. 
 An alternative explanation for the current findings is that early cognitive ability 
and language measures are actually assessing two sides of the same coin, in that they both 
are assessing intelligence (i.e., nonverbal and verbal intelligence). Here, the effect of 
cognitive ability on concurrent language would not be surprising, as it would simply be 
the association of two related measures. This could be the case, as several studies of 
school-aged children have found strong genetic correlations between nonverbal IQ and 
verbal abilities (Hoekstra et al., 2007; Purcell et al., 2001; Viding et al., 2003), indicating 
that these skills may draw from the same underlying processes. Studies of cognitive 
ability and language in infants and toddlers do not, however, find similar strong genetic 
overlap across domains. In fact, analysis of two-year-old twins from the Twins Early 
Development Study (TEDS) found that, although there were moderate correlations 
between verbal and nonverbal abilities, genetic influences were responsible for less than 
half of the phenotypic correlation, indicating that these areas are largely genetically 
independent at this early age (Price et al., 2000). The lack of a direct effect from 
cognitive ability to language abilities at 30 months further discredits the possibility that 
measures of language and nonverbal cognition both assess the same general intelligence. 
If these were simply measures of different types of intelligence, one should continue to 
predict performance in the other at later ages, which is not the case in the current 
analyses.  
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 The research reported here makes a unique contribution to our current 
understanding of early word learning. Additional factors that were not explored in the 
present study may further clarify this complex process. For instance, individual 
differences in environments, such as those arising from parent-child interactions, may 
play a role in infants’ use of social cues as well as their vocabularies. Numerous studies 
have indicated that maternal speech is an important factor in infants’ early language 
development (Hart & Risley, 1995; Hoff-Ginsberg & Shatz, 1982). Responsive and 
contingent parental input may also draw infants’ attention to social cues, such as pointing 
or emotional expressions, and thus help them learn that such cues are meaningful. 
Previous research has suggested, though, that parental interaction style is to some extent 
driven by the infant’s own characteristics, which could include gender and physical 
condition, as well as temperament and cognitive ability (see O’Connor, 2002 for a 
review). Thus, such infant characteristics may moderate the effects of parental input on 
social cue use, and indirectly on vocabulary. The current research focused exclusively on 
infants’ traits, and consequently measures of parental input fall beyond the scope of this 
data. Consideration of parent-child interactions and other environmental factors are an 
important next step in developing a full picture of the mechanisms that drive early word 
learning. 
 Although not a primary goal of the current study, an additional interesting finding 
was the association between the Bayley Expressive and Receptive Communication Scales 
and MBCDI Productive Vocabulary scores. The language scales are new to the third 
edition of the Bayley, and have not been widely used in the literature. Finding significant 
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positive correlations between these measures and the MBCDI provides evidence of the 
convergent validity of the Bayley-III scales, and supports the use of this assessment as a 
measure of language ability in typically-developing children. Interactive, observer-rated 
measures, especially when combined with other methods, such as parent report, can 
provide a more complete picture of language and communicative development in infancy. 
Limitations and Future Directions 
 One potential limitation of the current study is the fact that none of our parent-
reported dimensions of temperament were related to either language abilities or social cue 
use. Insufficient statistical power does not seem to be a plausible explanation for this lack 
of association. Based on the current data, a sample of 660 would be required to detect an 
indirect effect of negative affect, surgency/extraversion, or effortful control on 
vocabulary through social cue use. Even with a sample of 3000 participants, we would 
still be unable to find a significant direct effect of these temperament dimensions on 
language skills. Instead, these results could reflect limitations of parent reports, which 
may contain bias because of parents’ relationship with and perceptions of their children 
(Seifer, Sameroff, Dickstein, Schiller, & Hayden, 2004). Although observer ratings of 
activity level were significantly associated with parent ratings of surgency/extraversion (r 
= .36, p < .01), and effortful control (r = -.23, p < .05), these correlations were modest in 
magnitude, and suggest that to a large extent, parent reports and observer ratings are 
tapping different behaviors—a disparity that is well-established (Seifer, Sameroff, 
Barrett, & Krafchuk, 1994; Stifter, Willoughby, & Towe-Goodman, 2008). Therefore, it 
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may be that language development, at least in the current sample, is not related to the 
specific temperament traits measured by the ECBQ. 
 One difficulty inherent in the study of individual differences in temperament is 
the struggle to measure the abilities of infants and young children with extreme 
temperaments. For example, in this study, most of the infants from whom we could not 
obtain adequate eye tracking data (5 out of 8) scored at least one standard deviation from 
the means on activity level or effortful control. Thus, children with more difficult 
temperaments may be underrepresented in the sample, and our results may not generalize 
to infants at the extreme ends of the temperamental spectrum. However, new 
technologies, such as eyetracking systems that allow for greater freedom of movement 
and tracking over real-world stimuli, may help to alleviate this difficulty in the future. 
 Future research should focus on longitudinal analyses, in order to determine the 
characteristics that predict language outcomes for children. The longitudinal results of the 
current study are promising, and indicate that infants’ early emerging skills in nonverbal 
cognition and attention to social cues play a role in their later language development 
through their effect on early vocabulary. However, our longitudinal sample was relatively 
small, and infants were only followed for one year, so this finding is preliminary in 
nature. Further analyses with larger samples that follow children over a longer period 
may uncover even more early predictors of later language development. This may be 
especially important as children enter school, as language delays at this age can have 
long-term effects on learning and academic achievement (Young, et al., 2002). 
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 Research on other types of referential cues is also needed. The current study 
focused on social cues, as infants seem to become especially attuned to these cues in their 
second year (Tomasello, 2001), and infants at this age also demonstrate tremendous 
variability in their productive vocabularies. Attention to perceptual cues, on the other 
hand, may be important for early receptive vocabulary, and the use of syntactic cues is 
critical for advanced language development (Hollich et al., 2000). Understanding the 
characteristics that underlie the use of these different types of cues can advance our 
understanding of early language development in two ways. First, it will provide a fuller 
picture of how and why infants are able to use cues in order to learn new words, and 
offers at least a partial glimpse into the interconnected mechanisms that drive language 
development. Second, it can hint at continuity and change in early language skills. Some 
characteristics may be important in infants’ ability to use all types of referential cues, 
while other traits may be essential for the use of some cues but not others. For instance, 
temperamental activity level is often positively correlated with early language skills, but 
negatively correlated with language development later in childhood (Morales, Mundy, 
Delgado, Yale, Neal, & Schwartz, 2000; Schoen & Nagle, 1994). It could be that high 
activity level and the increased exploration that often coincides with it may help infants 
discover and learn from both perceptual and social cues, but that increased attention and 
lower activity level are required in order to use syntactic cues effectively.  
Implications and Significance  
 Current theories of early word learning and language development all conclude 
that the use of contextual cues, such as the social cues used in the current study, is critical 
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in building early vocabulary. The emergentist coalition theory focuses on infants’ 
developing ability to use such cues to derive word meaning, and suggests that infants 
have a variety of cues at their disposal from birth, but that they learn which cues are most 
effective for word learning through experience. This refinement of attention to certain 
types of cues over others leads to advances in language development. The results of the 
present study support this theory. We found that, not only did infants differentially learn 
from different types of social cues, but that the effective use of such cues was related to 
their overall vocabulary development at 18 months and to their linguistic complexity at 
30 months. By demonstrating both that infants in their second year are able to learn 
words from social cues, and examining the characteristics that are related to this skill, the 
current findings elucidate the mechanisms of word learning presented in the emergentist 
coalition theory. The importance of social cue use for children who scored below average 
on tests of cognitive ability indicates that cue use is another avenue, in addition to 
cognitive ability, through which infants can develop more sophisticated “word-learning 
principles” (Golinkoff, Mervis, & Hirsh-Pasek, 1994). 
 The current findings also lend some support to the social pragmatic theory, in that 
infants who spent more time looking at the speaker, as opposed to the objects, during the 
learning phase of the videos were better able to learn words based on the social cues 
presented. It is reasonable to assume that infants who focused on the speaker may have 
been attempting to determine her intent, and their greater success may indicate that this 
type of reasoning forms the basis for word learning. Of course, it could also be that there 
is a developmental trajectory in the ways in which infants use contextual referential cues, 
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and that communicative intent, along with social cues, are particularly important during 
this time in the second year of life. Further longitudinal studies are needed to fully 
examine this question. 
 The present results also have practical implications for both children with 
language delays and for typically-developing children. For instance, children diagnosed 
with specific language impairment (SLI) at age five continue to have deficits not only in 
language but also in nonverbal IQ at age 15 (Stothard, Snowling, Bishop, Chipchase, & 
Kaplan, 1998). The added understanding of the connection between language and 
cognitive ability from this study may thus be beneficial to these children, as such deficits 
have obvious implications for academic success. Further, these findings show that the 
ability to effectively use social cues is especially important for language development in 
infants who score below average on tests of cognitive ability. Indeed, many children with 
SLI have difficulty understanding others’ perspectives in social situations, and children 
with global language difficulties and low IQ show deficits in both attention and social 
domains (Marton, Abramoff, & Rosenzweig, 2005; Snowling, Bishop, Stothard, 
Chipchase, & Kaplan, 2006).  Taken together, the current results and these previous 
studies suggest that individualized treatments that work specifically on recognizing and 
understanding social cues may enable children with both language delays and lower 
cognitive ability to make advances in their language development. These results could 
have implications for other clinical populations as well. As discussed above, language 
impairment is often associated with low cognitive ability in ASD populations. Thus, 
language impairment and social skill deficits may be interconnected for children with an 
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ASD and low IQ, as nonverbal cognition and social understanding seem to work together 
in language development.  
 Finally, for typically developing infants and young children, it is important to 
understand the ways in which their early skills affect their concurrent and future language 
abilities, as well as their broader success. For instance, the relation between attention to 
social cues and language abilities may have implications for school success. Early 
language difficulties predict vocabulary and social-pragmatic abilities, as well as 
academic achievement to at least grade three (Walker, Greenwood, Hart, & Carta, 1994). 
Early social understanding is important as well, as work-related social skills in 
kindergarten, such as compliance with instruction and ability to complete games, also 
predict academic achievement through the early elementary period (McClelland, 
Morrison, & Holmes, 2000). These early language and social skill predictors may be 
especially important for the academic success of children with below average IQ, as 
attention to social cues is crucial in the language development of these children. Early 
language and cognitive skills are predictors of a variety of behavioral outcomes as well. 
In the extreme, both cognitive ability and language development in toddlerhood predict 
later criminality, even when controlling for SES (Stattin & Klackenberg-Larsson, 1993). 
Thus, appreciating infants’ individual differences is critical in ensuring optimal 
development. By taking infants’ and young children’s skills and abilities into account, 
parents, caregivers, teachers, and clinicians can tailor their interactions and create more 
successful learning opportunities.  
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APPENDIX A 
NOVEL WORDS AND OBJECTS 
Novel Word* Object 1 Object 2 
Pru 
  
Wolp 
  
Gade 
  
Tife 
  
Quan 
  
Glark 
  
*All novel words randomly selected from the Novel Object and Unusual Name (NOUN) 
database. 
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APPENDIX B 
SOCIAL CUES 
 
Eyegaze 
 
 
Pointing 
 
 
Emotional Expression 
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